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FACTORS AFFECTING OVIPOSITION 
OF SMINTHURUS VIRIDIS L. (COLLEMBOLA) 


by 
J. DAVIDSON 


(Waite Agricultural Research Institute, University of Adelaide). 
(Submitted for publication 15th February, 1932.) 


I. INTRODUCTION. 


S. viridis is normally active in large numbers in the better rainfall areas 
of South Australia during the wet season (May to October). During the summer 
certain of the eggs remain viable in the soil, and hatch at the commencement of 
the rainy season. 

In an earlier paper the writer (1931) diseussed the influence of tempera- 
ture on the incubation of the eggs of this species. The present paper deals with 
the influence of various soil factors which affect oviposition. 

I am indebted to Professor J. A. Prescott for advice regarding the treat- 
ment of the soils used in the experiments. Mr. R. J. Best kindly made the 
determinations of the pH values of the soils and Mr. D. C. Swan made the 
drawings of figs. 1 and 2. 


Il. TECHNIQUE. 


Surface soil taken from a Waite Institute paddock was used. Its saturation 
value, based on the moist soil, was 25% moisture. The soil moisture values re- 
ferred to in the paper have been calculated on a moist soil basis. The following is 
a typical mechanical analysis (International units) of the surface soil at the 
Waite Institute: Coarse sand, 4-8; fine sand, 46-1; silt, 25-8; clay, 20-2; loss on 
acid treatment, 0-63; moisture, 1-8. Usually 10% to 15% sand was added to the 
soil for convenience in pot culture work. Subterranean clover seedlings were 
used as food plant. 

Four types of oviposition cages were used. They were devised to give the 
insects natural conditions as far as was practicable. 

Type A consists of a zine cylinder 33 in. diameter by 2 in. high into which an ordinary 
hurricane lamp is fitted. Two openings 2 in. long by 3 in. wide are cut in the side of the 
cylinder and covered with phosphor bronze gauze of 40 mesh to the linear inch. The eylinder, 
when lightly pressed into the soil, forms an efficient seal to the cage at soil Jevel, and the top of 
the lamp globe is closed with cellophane or a muslin ring. 
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Type B consists of a cylinder of phosphor bronze gauze of 40 or 60 mesh, as required, and 
made to convenient measurements, The top and bottom of the cylinder is strengthened with 
a band of zine about 4 in. wide. When lightly pressed into the soil an efficient seal is formed 
at soil level, and the top of the cage is closed as in Type A. 

Type C is a larger cage, for enclosing insects on small plots of clover. It consists of a 
light wooden framework, 15 in. long by 9 in. wide by 9 in. high. Two sides are of glass, the 
remainder of fine wire gauze, with a muslin sleeve fitted in one end of the cage. A strip of 
zine is fitted round the bottom of the cage, which when pressed into the soil forms a seal at 
soil level. 

Type D was designed specially for soil moisture experiments so that the appartus could be 


readily weighed at intervals. It consists of a light wooden framework fitted to a tin 9 in. long 
by 6 in. wide, by 2 in. deep. The framework is covered with muslin, and the top of the cage 
is a panel which can be easily removed. The tin contains a known weight of soil, of a known 
moisture content, in which clover seedlings are grown. The whole apparatus can be moved 


about conveniently, and weighed as required in order to check loss of moisture from the soil. 


The insects were collected in a sweep net, and adults were transferred to 
the eages by the pipette method. Separation of males and females was imprac- 
ticable, but owing to the method of taking individuals at random from large 
samples, the number of females used in comparative tests was fairly uniform. 
The individuals included adults of various ages, the larger ones being selected. 

At certain periods during the winter the inseets occurred in much smaller 
numbers and they were less active. This was due to weather conditions and 
intervals between broods. 

At the end of the experiments the number of active, healthy insects present 
in the cages was recorded, as a general guide to the effect of the conditions on 
the insect. Some individuals were unavoidably damaged when being transferred. 


Ill. DESCRIPTION OF EGG-LAYING. 


The sexes are distinguished by characters in the ano-genital region. The 
adult female has a stout curved spine on each side of the anus, the appendix 
analis (fig. 1). The male has a number of short bristles surrounding the genital 
opening (fig. 2). 

The eggs, which are about 0-27 mm. in diameter, are laid in batches, which 
appear as small, conical mounds of the same colour as the soil on which they 
are laid. Oviposition has been observed on several oceasions. In general, my 
observations agree with those of Holdaway (1927); but this author describes 
the egg as emerging before the formation of the drop of anal fluid. The latter 
appears first, and the active circular movements of the abdomen, when de- 
pressed on the soil, are associated with the extrusion of the egg from the vagina. 
With the bursting of the anal drop, the egg becomes enveloped in the excretory 
fluid. The latter rapidly dries on exposure to the air. It is “tacky,” and the 
tip of the abdomen adheres to the soil, so that the female sometimes has to give 
a strong pull to remove it. The female browses on the soil after laying several 
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eggs. On two occasions it was observed that the ventral tube was freely used 
on these oceasions, being extended and retracted over the soil surface, the walls 
of the delicate tubes exhibiting active, vibratory movements. This is evidently 
associated with the moisture requirements of the insect. 





Fig. 1. Sminthurus viridis 9. Fig.2. Sminthurus viridis ¢. 


: : . Showing ane-genital region (x 44). 
Showing ano-genital region (x 44). . . . 


AN.=anus; APP. AN.=appendix analis; GEN, O.—genital opening. 


The anal excretion contains soil and glandular secretions. Its function is 
to provide a protective covering over the eggs and to bind the eggs in a batch 
together. The covering also safeguards the eggs from predaceous egg-eating 
mites, ete.1 The insect makes special efforts to ensure that the eggs are 
properly covered with the anal fluid. One female was observed walking over 
an egg batch, feeling here and there with the tip of the abdomen. No eggs were 
laid, but on certain of the places tested, a large drop of fluid was excreted, which 
ran freely over the eggs. The movements of the body on these occasions were 
not so vigorous as when eggs were laid. The covering of anal excretion over 
the eggs safeguards them against rapid loss of moisture. 

On dry soil the insect is restless; if eggs are laid at all, they are isolated, 
and not covered with excreted fluid. Evidently the insect cannot get sufficient 
moisture for the purpose, and normal egg batches are not laid. 

On soil which is too wet normal egg batches are not laid. The eggs are 
scattered, and appear yellowish, owing to lack of excreted covering. The wet 


1 S, viridis eats uncovered eggs. One individual was observed to eat three eggs in six minutes, 
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soil does not allow the excreted fluid to dry, and as a result firm batches of 
covered eggs are not obtained. 

The number of eggs in a batch varies greatly. If a female is disturbed a 
new batch may be started. Also, more than one individual may lay on the 
same batch. Batches containing about 300 eggs have been obtained. If the 
soil conditions are favourable the average number of eggs per batch is from 40 
to 60, but the number may be much greater or even less than this. If the soil 
conditions are unfavourable, the batches are often loosely and irregularly 
formed, the eggs being seattered. 

The age at which the female begins to lay depends upon environmental 
conditions during its development. The shortest period observed with indi- 
viduals reared in the inseectary was 21 days. 


IV. EXPERIMENTAL DATA ON SOIL FACTORS AFFECTING 
OVIPOSITION. 
A. INFLUENCE OF Soi MoIstuRE ON OVIPOSITION. 

Moisture in the surface soil is necessary for the normal activity of the 
insect. Actually in the field the insects go down into cracks in the soil in 
search of moisture as the surface dries. Davies (1928) found that when this 
species was kept at a temperature of 25°C., in an atmosphere of 20% relative 
humidity, 100% deaths oceurred within 15 hours, and 100% in 30 hours when 
the relative humidity was 50%. 

The following experiment illustrates the contrast in egg-laying activity on 
air-dry soil (2-5% moisture) and soil having about 16% moisture. 

Experiment 1, 

A seed box, contining soil in which clover seedlings were growing, was embedded in wet 
sand in order to keep the soil moist. On the surface of the moist soil, in one half of the 
box, a perforated zine tray }-in. deep, was embedded. The seedlings grew up through the 
perforations. The tray was filled with air-dry soil. A eage of Type C was placed on the 
soil so that one half of the enclosed area consisted of dry surface soil and the other half 
of moist surface soil. The insects were free to move over both areas, 

Two of these cages were set up in the outside insectary, and infected with 
a number of individuals on August 13. By September 9 no eggs had been laid 
on the dry soil, and 32 batches on the moist soil. 

When the insects are confined to dry soil only they may soon die, even 
when ample food is available, particularly if the temperature exceeds about 


25°C. 


Experiment 2. 


Five flower pots containing soil with clover seedlings were embedded in wet sand in 
the outside insectary. By means of perforated trays, as in Experiment 1, the surface soil 
consisted only of air-dry soil (2-5% moisture). A cage of Type B was placed on each pot, 
and 10 individuals were introduced into each cage on August 31. 

By September 3 only 6 insects were alive and no eggs were laid. 
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In a repeat test on September 5 only 14 insects were alive after 3 days, 
and most of these were very weak. No eggs were laid. 


(a) Egg-laying Activity on Soils having a Different Moisture Content. 

The following experiments were devised to test the influence on oviposi- 
tion of different moisture values with the same soil. They were arranged so 
that the soil moisture value required in each series of tests was maintained 
throughout the oviposition period. 

Experiment 8. 

Enamelled pots were used. Each pot contained 2 kgs. of soil (air-dry weight). There 
were five series, with five pots in each series. The soil in each series was made up to the 
required moisture content. A small glass jar in which clover seedlings were growing was 
placed in each pot as food for the insects. A cage consisting of a hurricane lamp globe was 
placed on each pot, the open top being closed with a muslin ring. 

On June 27 each pot, complete with cage, etc., was weighed, infected with 30 individuals, 
and placed in an outside laboratory. The moisture content of the surface soil in each series 
of pots was calculated from samples taken on June 27. The pots were left undisturbed until 
July 6, when they were again weighed and the number of egg batches was recorded. The 
moisture content of the surface soil was again calculated from soil samples taken on July 6. 
The temperature in the room during the period of the experiment varied between 50°F. 
and 60°F. 

Thére was practically no loss in weight in the pots at the end of the experi- 
ment, and it will be seen from Table 1 that the soil moisture values in the 
different series were well maintained. The apparent loss in moisture in Series 
3A (Table 1), at the end of the experiment, was chiefly due to the delay in 
distribution of the moisture throughout the soil at the beginning of the experi- 
ment. This resulted in a temporary higher moisture value in the sample of 
surface soil. 

TABLE 1. 


(See Experiment 3.) 


Soil Moisture Mean No. per Cage. 
Series. (percent.). Active Insects Egg Remarks. 
June 27. July 6. (July 6). Batches. 

3A 20 18 23 12-0 + 3-29 Soil moist, wet when pressed; 
insects healthy; plants eaten 
well. 

3B 15 15 19 6-6 + 3-21 Soil damp; insects healthy; 
plants eaten well. 

3C 12 12 20 7-6 + 2-26 Soil slightly damp; __ insects 
healthy; plants eaten well. 

3D 7-5 8 20 0 Soil friable, faintly damp; in- 
sects smaller than previous 
series; plants eaten fairly well; 
a few isolated scattered eggs. 

3E 5 4-5 1] 0 Soil friable, dry; insects small, 


some weak; plants eaten fairly 
well. 
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It is a lengthy procedure breaking up the egg batches to count the number 
of eggs. A rough estimate was made from the size and shape of the batches as 
a general guide to the approximate number of eggs. These estimates are not 
sufficiently accurate to allow of statistical treatment. 

Experiment 4. 

Twenty-five pots were set up as in Experiment 3. The experiment was terminated on 
the 8th day (August 1), compared with the 10th day in Experiment 3. Soil moisture values 
were calculated at the beginning of the experiment only, as previous experience showed that 
the loss in moisture from the soil was negligible. 


TABLE 2. 


(See Experiment 4.) 


Soil Moisture Mean No. per Cage. 
Series. (per cent.). Active Insects Egg 
July 24. (Aug. 1). Batches. 
4A 18 19 5-6 + 2-21 
4B 15 19 4-6 + 1-92 
4C 2 18 4-0 + 0-63 
4D 10 17 2-6 + 1-39 
4E 8-5 15 2-0 + 0-89 


Instead of the usual gravel mulch over the soil round the lamp globe, a 
layer of paraffin wax was used in this experiment. This was not satisfactory, 
as aeration of the soil was affected. The low numbers of egg batches compared 
with Experiment 3 may be partly due to this. There were approximately 450 
eggs in Series 4E and an estimated number of 1,200 in Series 4A. 

Experiment 8, 
Five series of 25 pots were set up with the soil taken from Experiment 4. Each pot was 


infected with 25 individuals, and the experiment was terminated on the 9th day (August 14). 


TABLE 3. 


(See Experiment 5.) 


Soil Moisture Mean. No. per Cage. 
Series. (per cent.). Active Insects. Egg 
August 5. August 14. (Aug. 14). Batches. 

5A — 22 9 7-44 2-55 
5B 13-5 12-5 14 7-0 + 3-04 
5C 11 10 13 6-0 + 2-19 
5D 8 8 HT) 2-6 + 1-24 
5E 7+5 7 8 1-2+0-43 


The decrease in the number of egg batches with moisture values below 
10% agrees with the two previous experiments. The number of active insects 
at the end of the experiment is much lower, which appears to be due to the soil 
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not being fresh. In series 5A particularly the air in the cage was not fresh. 
The wet soil conditions affected egg-laying in this series. 

There was a total of 115 eggs laid in series 5E, about 400 in 5D, and esti- 
mated numbers of 1,600 eggs in 5B, and 1,200 in 5A. 


(b) Egg-laying Activity on Soils which are Drying Out. 


Actually in nature, the moisture values of the surface soil undergo rela- 
tively rapid changes in the intervals between rain. If saturated conditions of 
the surface soil are maintained, owing to continuous rain, egg-laying is reduced. 
When loss of moisture from the soil at the Waite Institute results in the mois- 
ture value of the surface soil dropping below about 10%, a marked reduction 
in egg-laying activity may be expected, and below about 8% moisture compara- 
tively few eggs will be laid. Under these conditions the insects penetrate into 
cracks in the soil, where the moisture content is more favourable. 

An experiment was devised to test the egg-laying activity on soil which 
was gradually losing its moisture. 

Experiment 6, 

Five series of plots of clover seedlings were grown in tins and covered with cages of 
Type D. There were 25 tins, each tin containing 2-5 kgs. of soil (air-dry weight). The 
aim of the experiment was to have different soil moisture values in the various series, when 
the insects were introduced into the cages. 

The soil in the different series was made up to the required moisture values, and the 
weight of each tin with moist soil, cage, etc., complete was recorded. Clover seeds were 
sown in each tin, and the soil watered from above when necessary, until the seedlings 
became established. When the plants were about 4-in. high the soil was allowed to lose 
moisture until each tin returned to the original weight. The tins were then weighed at 
intervals, and the loss in weight was made up by adding water over the surface of the soil. 


On June 6, 50 individuals were introduced into each cage, the tins were 
placed in the outside insectary, and no further water was added to the soil. 
The experiment was terminated on June 16, when the number of egg batches 
laid was recorded. The moisture value in the surface soil of the different series 
was calculated from samples taken on June 6 and June 16 (see Table 4). Those 
taken on June 6 show a fair approximation to the initial moisture values aimed 
at. With Series C, however, an exceptionally high value of 13% was obtained, 
although 7-5% was aimed at . This is due to the fact that the moisture in the 
soil had not come to equilibrium. On June 4 it was necessary to add 80 c.c. of 
water to the soil in each tin of Series C to make up the moisture lost. This 
amount was much greater than required in the other series, and resulted in a 
temporary higher moisture content of the surface soil. This high value would 
fall as the moisture became distributed throughout the soil mass. This is 
evident from the moisture values on June 16 in Series C, compared with those 
in Series B. 
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TABLE 4. 


(See Experiment 6.) 


Soil Moisture Mean No. per Cage. 
Series. (per cent.). Active Insects Egg Remarks. 
June 6. June 16. (July 16). Batches. (June 16). 
6A 17 12 40 15-2 + 5-43 Egg batches well formed, many 
containing about 80 eggs; soil 

moist, nice surface; insects 
active; plants healthy. 

6B 13 7 24 4-8 4+1-17 Egg batches small; soil slightly 
moist; several insects weak and 
smaller size than Series A; 
plants healthy. 

6C 13 4-5 22 5-4 + 2-68 Egg batches extremely small; 
insects mostly weak and small 
size; plants commencing to wilt, 
leaves becoming flaccid. 

6D 6-5 3 18 1-8+1-32 A few eggs only, no real egg 
batches formed; insects very 
weak, very small; only slight 
feeding marks on plants, which 
are now commencing to wilt. 

6E 4 2-5 2 0 Occasional isolated eggs laid; 


plants wilted. 


The number of egg batches has been greatly affected by the soil moisture. 
In Series 6C most of the batches consisted only of small groups of 5-15 eggs. 
In Series 6D no real batches were formed, and only nine small groups of eggs 
were present. These eggs were laid at the beginning of the oviposition period, 
when the moisture in parts of the surface soil was favourable, owing to the 
water added (compare Experiment 3). Although the plants commenced to 
wilt in the two last series before the end of the experiment, introducing the food 
factor, the interpretation of the results is not affected. 


B. INFLUENCE OF Som TEMPERATURE ON OVIPOSITION WHEN AMPLE SOIL 
MoIstTurRE Is AVAILABLE. 


It has been shown that soil moisture is an important factor affecting 
oviposition. When moisture conditions are favourable, temperature may be 
the limiting factor. Experience during the past two years has shown that, after 
about the first week in October, the number of eggs laid in the cages in the 
outside insectary rapidly decreases, the insects evidently being inconvenienced 
by the daily increase in temperature. 

Experiment 7. 


Ordinary flower pots (4-in. diameter), containing soil with clover seedlings, were placed 
in moist sand contained in enamelled jars, so as to maintain a uniform soil moisture. The 
pots were kept in the outside insectary and covered with cages of Type B. The temperature 
on the surface of the soil, at depth of 4 of an inch, was recorded twice daily. Twenty-five 


individuals were placed in each cage, and an oviposition period of 6 days was given. 
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(a) Six pots were used; temperature on surface of soil varied from 
11-15°C., with mean temperature 13°C. The total number of egg batches 
obtained was 13, having approximately 500 eggs; 112 individuals were alive 
and active at end of the experiment. 

(b) Eight pots were used; mean temperature on surface of soil was 15°C. 
The number of egg batches was not recorded ; 170 individuals were alive at end 
of the experiment. 

In these examples the insects were active during the experiment, the food 
plant was eaten well, and the egg batches were firm and compact. 
Experiment 8. 

A series of tests were made as in Experiment 7, using higher temperatures. The enam- 
elled jars were suspended in water in a Wisconsin tank, the temperature of the water bei 
controlled by a thermostat. 


or 
1g 


When the temperature of the soil surface was maintained at 26°C. there 
was a decrease in the number of eggs laid compared with Experiment 7, and a 
marked increase in the death rate. With 6 pots, 10 egg batches were obtained, 
having approximately 230 eggs. The batches were small. When the soil tem- 
perature was maintained at 30°C. no eggs were laid. The insects were sluggish 
under these conditions, and the food plant was only slightly eaten. 

The egg-laying activity of the insect in Experiments 7 and 8 cannot be 
regarded as only due to the temperature of the surface soil. Further investi- 
gation is necessary regarding the reaction of the individual to the changes in 
the micro-environment on the surface of the soil, due to the increase in temper- 
ature, and its effect on the general activity of the insect. Changes in the 
humidity of the atmosphere near the surface of the soil are particularly impor- 
tant in this respect. 


C. INFLUENCE OF SOIL REACTION ON OVIPOSITION. 


The observations of Holdaway (1927) indicate that the pH value of the 
soil affects the egg-laying activity of S. viridis. It is clear from the results 
obtained in Section A that soil moisture must be carefully considered in deal- 
ing with the influence of soil reaction. By using methods already described it 
was possible to maintain a fairly uniform moisture content of the soil. 


(a) Influence of Soils having an Alkaline Reaction. 
Experiment 9. 

Twenty-four enamelled pots, each containing 2 kgs. of soil (air-dry weight), were 
divided into three series, each having 8 pots. In Series A no lime was added to the soil. 
In Series B 2-8 grs. of calcium oxide per kg. of soil was mixed with the soil. In Series C 
4-3 grs. of CaO per kg. of soil was added. The soil for all the pots was made up to same 
moisture content (about 16%), and the pots set up as in Experiment 3. 
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Each pot was infected with 30 individuals on July 10. The experiment 


was terminated on July 20. 


The pH values of the soil in the different series were determined from 
samples taken at the end of the experiment. The results obtained are given in 


Table 5. 


TABLE 5. 


(See Experiment 9.) 


Mean No. per Cage. 


Soil Active Insects Egg 
Series. pH Value. (July 20). Batches. 
9A 6-3 22 12-5 +3-7 
(control) 
9B 8-3 20 7-5 +1-65 
9C 8-7 19 7-37 + 1-82 


From the reduction in the number of egg batches in 


Series B and C, and 


= 


the general appearance of the batches, especially in Series C, it was evident 
that the insects did not find the soil conditions very favourable. Many batches 


were loosely and badly formed. 


Experiment 10. 


Twenty-four flower pots (4-in. diameter), containing soil in which clover seedlings were 


growing, were used. They were divided into three series of 8 pots each. To the soil in 


Series A no lime was added. With that of Series B 2-5 grs. of CaO per kg. of soil was mixed 


with the soil. With Series C 4-3 grs. of CaO per kg. of soil was added. 
The pots were embedded in wet sand to maintain a uniform soil moisture. Cages of 


Type B were used. 


Each pot was infected with 30 individuals on August 22 and placed in the 
outside insectary. The insects were removed on September 2, the egg batches 
counted, and the pH value of surface soil in the different series was determined. 


The results are given in Table 6. 


TABLE 6. 


(See Experiment 10.) 


No. of Insects Egg Estimated 
Soil Active on Batches No. of 
Series. pH Value. September 2. Laid. Eggs.1 
12 490 
9 350 
1] 510 
10 360 
10A 6-4 132 15 310 
(control) 8 490 
12 520 
15 620 
92 3,650 
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TABLE 6 (continued). 


No. of Insects Egg Estimated 
Soil Active on Batches No, of 
Series. pH Value. September 2. Laid. Egygs.! 
7 210 
11 470 
4 280 
10 580 
10B 8-3 132 11 500 
8 220 
4 280 
7 360 
62 2,900 
5 480 
3 130 
8 480 
6 330 
10C 8-9 151 5 450 
7 220 
8 480 
5 340 
47 2,910 


1 See note on Table 1. 

An interesting feature in Series 10C was the formation of several excep- 
tionally large egg batches (see p. 15). This accounts for the large number of 
eggs, notwithstanding the decrease in number of egg batches compared with 
Series B. 

Experiment 11. 

Two further series of 5 pots each were set up, the aim being to make the soil in one 
series excessively alkaline, The method employed was the same as in Experiment 10. With 
Series A no lime was added to the soil. With Series B 6 grs. of CaO per kg. of soil was added. 

Each pot was infected with 30 individuals on September 8, and the experiment was 
terminated on September 18. The results obtained are shown in Table 7. 


TABLE 7. 
(See Experiment 11.) 


No. of Insects Egg Estimated 

Soil Active on Batches No. of 

Series. pH Value. September 18. Laid. Eggs. 
13 490 

12 630 

11A 6-3 112 12 490 
(control) 14 360 
15 560 

66 2530 

5 220 

10 440 

11B 8-1 90 7 200 
6 210 

9 330 

37 1,400 


The influence of the excessive alkaline conditions of the soil in Series B is 
reflected in the decrease in egg-laying. It should be noted that, notwithstand- 
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ing the large amount of CaO added to the soil in this series, the pH value has 
not been raised beyond that obtained in Experiments 9 and 10, with consider- 
ably less amounts of CaO. This is due to the buffering action of the soil. 

The growth of the plants in Series B was seriously affected by the alkaline 
soil. Although this introduced the food factor as affecting the activity of the 
insects, there was actually plenty of food available. 

In Experiments 9, 10, and 11 a uniform soil moisture was maintained 
throughout the oviposition period. It is impossible to estimate the influence 
of soil reaction on egg-laying activity when the soil moisture is a variable 
factor. 

The following experiment was devised, in which the soil moisture was 
maintained by adding water over the surface of the soil as required. It was 
hoped that a fairly uniform moisture content of the surface soil would be main- 
tained in this way, but the result in this respect was not satisfactory. 
Experiment 12. 

Cages and apparatus similar to those employed in Experiment 6 (Section A) were used. 
There were five series of tins, each consisting of 5 tins. The soil in Series A was the control 
set, and no lime was added to it. In the remaining four series the following amounts of 
CaO per kg. of soil was mixed with the soil: Series B, 1 gr.; C, 1-8 grs.; D, 2-8 grs.; EK, 
4-8 grs. 

The soil in all the series was made up to about 16% moisture, and the total weight of 
each tin, complete with cage, ete., was recorded. Clover seeds were sown in each tin. The 
tins were weighed at intervals of two or three days, the loss in weight being made up by 
adding water over the surface of the soil. The average loss in weight daily was from 
10-20 grs. per tin. 

When the clover seedlings were about }-in. high (June 3), each tin was 
infected with 50 individuals, the tins being placed in the open-air insectary. 
The experiment was completed on June 16, when the egg batches were counted 
and the moisture value in the surface soil in each series was calculated. The 
results obtained are given in Table 8. 


TABLE 8. 


(See Experiment 12.) 


Moisture Mean No. per Cage. Remarks. 
Soil (per cent.). Active Insects Egg (June 16). 
Series. pH Value. June 16. (June 16). satches. 
12A 6-1 13 33 4-824 1-73 Low egg batch numbers asso 


ciated with dry conditions of 
surface soil. 

12B 7-1 18 34 14-8 + 1-95 Egg batches well formed, and 
of uniform size. 


12C 7-6 19 42 18-8 + 2-34 Egg batches well formed, and 
of uniform size. 

12D 8-1] 15 41 7-8 + 3-26 Egg batches irregular in size 
and formation; many quite 
small. 


12E 8-4 — 40 11-4 + 2-36 Egg batches small and irregular. 
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There was considerable variation in the moisture content of the surface 
soil in the different series at the end of the experiment. This was due to the 
lack of uniformity in the distribution of the added water throughout the soil 
mass. The behaviour of the surface soil, with respect to the water added, is 
affected by its texture, degree of packing, ete. In Series A, for instance, the 
soil in the tins was flooded early in the experiment. This resulted in a thin 
cake of silt being formed on the surface. The surface tended to dry out 
rapidly during the intervals between watering, and was less favourable for 
oviposition. This is the explanation of the low number of egg batches 
obtained in Series 12A. 


(b) Influence of Soils having an Acid Reaction. 


From the viewpoint of these experiments it is not so convenient to pre- 
pare soils having an increasing acid reaction. Tests were carried out with a 
Waite Institute soil, which had previously been washed with acid and after- 
wards exposed to the weather for several months. This soil gave a reaction of 
pH 4-2. <A range of pH values was obiained with this soil by adding CaO. 
The experiments were arranged so that the insects had a choice of two areas of 
soil in the same cage on which to lay. The pH value of the soil in the two 
areas was different. Unfortunately the technique was not satisfactory, as soil 
moisture was not adequately controlled, and the results could not be inter- 
preted in terms of the influence of soil pH on oviposition. Few eggs were laid 
on this soil having pII 4-2. On the other hand, when the insects were given a 
choice of this soil at pI1 6-3 and untreated Waite Institute soil having the same 
pH value, they laid freely on the latter, but only a few batches on the former. 

S. viridis oceurs in large numbers on certain reclaimed swamp soils near 
Murray Bridge, having a value pH 5-4, so that there is no doubt it will flourish 
on tolerably aeid soils. 


D. INFLUENCE OF THE PHysIcAL CHARACTER OF Som ON OVIPOSITION. 


It has been shown that soil moisture is an important factor affecting ovi- 
position. The water-holding capacity of soil is affected by its physical 
character. Soils with a high elay content, or a large percentage of humus will 
have a greater water-holding capacity. With a sandy soil, on the other hand, 
the moisture saturation value will be lower, and the surface of such a soil will 
more readily lose its moisture. Therefore, with equal amounts of rain, followed 
by dry periods, the surface of a sandy soil will dry more quickly than in the 
case of a clay soil. Apart from this aspect, the insect does not move freely 
over a loose, dry, sandy surface. 

An experiment was set up to test egg-laying activity on washed fine sand, 
eompared with soil. 
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Erperiment 13. 

A seed box containing soil in which clover seedlings were growing was taken. The sur- 
face of the soil on one-half of the box was covered to a depth of } inch with fine washed 
sand passed though a mm. sieve. A cage of Type C was placed on the soil, so that one-half 


of the enclosed surface was moist soil and the other half moist sand. The box was placed 
in a zine tray and watered from below. 


The experiment was set up in duplicate in the outside inseetary, and a 
number of individuals were placed in each cage on August 26. The experiment 
was terminated on September 9. 

In box A 2 egg batches were laid on the sand surface and 19 on the soil 
surface. In box B 3 ege batches were laid on the sand surface and 26 on the 
soil surface. The ege batches laid on the sand surface were small and dark- 
coloured, showing that the inseets had been feeding on the soil area. 

Erperiment 14. 


A further test was made with sand, but in this experiment the insects were confined on 
sand during the oviposition period. Soil and clover seedlings were contained in 4-in. flower 
pots. The surface of the soil was covered with fine washed sand to a depth of } of an inch. 
Five pots were used. They were covered with cages of Type B and embedded in wet sand 
in the open-air insectary. 

Ten insects were placed on each pot on September 10. The experiment was terminated 
on September 18. 


The number of egg batches laid was 2 + 2+1+4 041 = 6, the total 
number of eggs being estimated at 35 + 50 + 50 + 0 + 20 = 155. 


V. GENERAL DISCUSSION. 


The egg-laying activity of S. viridis is greatly affeeted by certain conditions 
of the soil surface which it inhabits. The most important factors influencing 
these conditions are soil moisture, soil temperature, and soil reaction. 

The moisture content of the soil plays an important part in relation to 
egg-laying. The insect will not lay on air-dry soil (Experiments 1 and 2). 
With Waite Institute soil, egg-laying is more active when the moisture content 


, 


is above 50% saturation (about 12% moisture). When the soil is saturated 
there is a deerease in the number of eggs laid, and many egg batches are badly 
formed. Below about 10% soil moisture there is a marked decrease in the 
number of eggs laid, and at moisture values below 8% few eggs are laid. 
Actually in nature the surface soil undergoes rapid changes in its moisture 
content, due to rainfall and evaporation. The conditions in Experiment 6 repre- 
sent somewhat those obtaining in the field during a rainless period. With 
Series 6A the change in soil moisture, between June 6 and 16, has not affected 
egg-laying. With Series 6B and 6C there is a decrease in the number of egg 


batches. Since the initial soil moisture values aimed at in the latter series were 


12-5% and 7:5%, it would not be expected that many eggs would be laid. 
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When water is added to soil, the moisture content of the surface soil, for some 
time, is higher than that of the general soil mass. This may produce a tem- 
porary moisture condition favourable for egg-laying, but gradually as the 
moisture becomes distributed this condition disappears. 

The amount of moisture in the soil, at the beginning of a rainless period is 
important, since the less moisture present the sooner will the moisture content 
fall below the value favourable for oviposition. In this respect the water- 
holding capacity of the soil is important. 

The temperature of moist soil affects oviposition and may be an impor- 
tant factor affecting the economic distribution of the species, in regions having 
a summer rainfall and high temperatures. When the temperature of moist 
surface soil is about 26°C. egg-laying is greatly reduced, compared with 15°C. 
At 30°C. and over few eggs are laid. In this respect, further investigation is 
necessary regarding the reaction of the insect to changes in the micro-environ- 
ment on the surface of the soil, particularly changes in the relative humidity 
of the air. 

When a uniform soil moisture is maintained there is a decrease in the 
number of egg batches as the soil becomes more alkaline (Experiments 9-11). 
An interesting feature was the occurrence of exceptionally large batches in 
Series 10B and 10C. In both of these series a number of batches were badly 
formed. In Series 10C two batches were estimated to contain 320 and 250 eggs. 
Three other batches were estimated to contain 150, 140, and 120 eggs. In Series 
10A there were only two batches estimated to contain over 100 eggs. These 
features in Series C seem to be associated with the unfavourable alkaline soil. 

The decrease in average size and number of the egg batches in Series 12D 
and 12E and 11B is evidently due to the alkaline reaction of the soil. 

Unfortunately in the experiments with soils having an acid reaction, soil 
moisture was not adequately controlled, and the influence of pH was obscured. 
Sinee the insect flourishes in nature on certain reclaimed swamp soils in South 
Australia having a pH 5-4, it is evident that its egg-laying activity is not 
seriously affected on tolerably acid soils. 

Soil moisture is the most important factor affecting the economic distribution 
of S. viridis in South Australia. With agricultural soils in this State, having 
values between pH 5-4 and pH 7-5, the reaction of the soil in itself does not 
appear to be of practical importance in relation to infestation. 


VI. SUMMARY. 


1. An account is given of experiments dealing with soil factors affecting 
oviposition of Sminthurus viridis. 

2. The technique is described. 

3. Observations have been made on the behaviour of the female during 
oviposition, 
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4. When temperature is favourable, soil moisture is the most important 
factor affecting oviposition. With Waite Institute surface soil, egg-laying de- 
ereases rapidly below about 12% moisture (50% saturation). Below about 8% 
moisture few eggs are laid. Saturated soil is unfavourable for oviposition. 

5. When moisture conditions are favourable soil temperature may be the 
limiting factor. Above about 26°C. there is a decrease in egg-laying. At 30°C. 
and over comparatively few eggs are laid. 

6. Soil reaction affects the number of eggs laid. The Waite Institute soil 
has a reaction of pH 6-4. This is favourable for oviposition. Certain reclaimed 
swamp soils, having a reaction of pH 5-4, are also favourable. When the Waite 
Institute soil was changed to give an alkaline reaction about pH 8-0, there was 
a decrease in the number of egg batches laid. 

7. The influence of the physical character of a soil on oviposition is associ- 
ated with its moisture-holding capacity and pH value. 
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STUDIES IN CENTRE OF GRAVITY CHANGES 


2. A NEW METHOD FOR DETERMINING THE ANTERO-POSTERIOR POSI- 
TION OF THE CENTRE OF GRAVITY IN MAN BY THE USE OF THE 
CENTRE OF GRAVITY BALANCE TABLE. 


by 
F. 8. COTTON 
(From the Department of Physiology, University of Sydney). 


(Submitted for publication 20th January, 1932.) 


INTRODUCTION OF THE PROBLEM. 


In the first paper of this series mention was made of work already under- 
taken to investigate certain aspects of changes in centre of gravity during 
breathing, and to measure the mass shift of blood in the body due to running 
up and down stairs. 

In the interpretation of some of the results certain difficulties were en- 
countered, which were not finally cleared up until a considerable amount of 
attention had been given to the various aspects of the balance table itself. 

In particular it was found that no further progress could be made with the 
work in hand until a satisfactory method was devised to determine the antero- 
posterior position of the centre of gravity in the actual postures assumed by the 
subject during experimental work, e.g., in the case of experiments carried out to 
measure the mass shift of blood due to exercise of the lower limbs a complica- 
tion arose which may be explained by reference to fig. 1. 

In fig. 1 C represents the centre of gravity of a subject resting (after run- 
ning), upon the balance table AB, with feet remote from the circular spring 
balance S, whose index is provided with an extension to record vertical move- 
ment upon a smoked drum. During the post-exercise period the cranial end 
sinks as shown, due to the return of blood from the exercised muscles in restor- 
ation of the normal distribution. This depression of the cranial end of the 
balance table displaces the centre of gravity of the subject from C to C;, so 
that there is set up an increased moment acting to exaggerate the augmented 
tension on the spring. Hence the balance index drops to a lower level than it 
would do if blood shift alone were concerned. By a suitable procedure it was 
found possible to measure this increased moment, and thence to calculate the 
height of the centre of gravity above the surface of the table. By this means 
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a correction could be evaluated (depending in each case upon the physical 
measurements of the subject), and applied to all the data already obtained. 
By the use of the same method it was also possible to measure with aceuracy 
the height of the centre of gravity of the subject when sitting upon a horizontal 
surface, and to use the data to make necessary corrections in regard to measure- 
ments already accumulated in respect to certain quantitative respiratory 
records. As success was attained in this enforced digression from the main 
themes, and wider issues became opened up, it was decided to make a special 
study of these. 





Fig. 1. 


Previous physiological literature contains references to methods for deter- 
mining the antero-posterior position of the centre of gravity in man. In 1924 
Reynolds and Lovett published a method for locating this point. 

This may briefly be described as follows: 

The subject is made to stand upon a horizontal plank, which rests upon 
two knife-edges, A and B. While A is fixed, B is supported upon the platform 
of a weighing machine. The plank is provided with a heel rest, arranged so as 
to fix the heels vertically above the knife-edge A. Knowing the distance AB, 
the weight registered by the machine, and the weight of the body, it is a simple 
matter, by equating moments, to ealeulate the horizontal distance of the centre 
of gravity from A. 

In this method, however, the result depends a good deal upon the posture 
assumed by the subject. Apart, however, from the errors inherent in the 
method, the results obtained would not be a reliable index of the antero- 
posterior position of the centre of gravity when the subject is supine. 

Another method for finding the antero-posterior position of the centre of 
gravity is due to Palmer. This method, like that described in this paper, 
depends upon the horizontal displacement of the centre of gravity of the body 
when the supporting surface is tilted. Thus suppose that the centre of gravity 
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of a subject resting upon a horizontal surface (OA of fig. 2) is represented 
by C. 

When the surface is tilted (by means of a hinge at the end O) to the position 
OA,, the centre of gravity moves to C,, thus altering the moments concerned in 
equilibrium to an extent which is a function of the angle 6, the weight of the 
body (w), and the distances BC and OB. Knowing 6, w, and OB, and the 
pressures on the knife-edges before and after tilting, it is a simple matter to 
ealeulate BC. 











J 
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Showing how the centre of gravity of the body, when supine, is displaced horizontally 
when the supporting surface is tilted. 


It is essential, however, in this method to produce a considerable degree 
of tilting, since the altered moments must be measured in terms of differences 
of large quantities of the order of the body weight. The angles of tilting 
employed by Palmer were 30° and 45°. Since these degrees of tilting must 
inevitably cause an unknown degree of displacement of the movable viscera 
both forwards and downwards, and since movement in each of these directions 
would increase the apparent movement of the centre of gravity towards OQ, it 
was felt that this method would not be ideal for the purpose in hand.* More- 
over this method would obviously be quite inapplicable to the determination of 
the height of the centre of gravity of a subject sitting upon a horizontal surface. 

The ideal procedure would clearly be to obtain a method which involved 
a minimum alteration in the position of the subject. This was achieved by a 
further application of the principle of the differential method for finding the 


* These objections are mentioned by Palmer, who howeyer only claims to locate the 
C, of G., by his method to within 5 mm, 
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centre of gravity of the body, explained in the previous communication. The 
method was developed along the following lines: 

It was proposed to place the subject upon the horizontal balance table 
as shown in fig. 1, and then by hanging a known weight upon the hook of the 
supporting balance to produce an extension of the spring, and hence a depres- 
sion of the end of the table, as illustrated by the dotted lines. By measuring 
this depression, and also the extension of the spring balance due to the weight 
alone, it is possible to determine the height of the centre of gravity of the 
whole system above the fulerum. By repeating the procedure for the balanec 
table without the subject the height of its centre of gravity may also be found. 
Knowing then the weights of the subject and of the supporting system, the 
height of the centre of gravity of the subject may readily be calculated. 

When the method was put into execution, however, it was found that the 
respiratory movements caused such relatively large variations in the support- 
ing foree as to render the method (as described) quite useless. The difficulty 
was obviated, however, by turning the subject at right angles to the balance 
table, when the effect of the breathing movements was almost completely 
eliminated. This was accomplished by placing the subject upon a stout cross 
board, suitably strengthened at the sides so as to reduce any bending to a 
negligible degree. In the further development of the method it was aimed to 
restrict the degree of tilting as much as possible consistent with accuracy, so 
that finally successful results were obtained with no more than about 2-3° 
of tilt. 


DERIVATION OF AN EXPRESSION FOR CALCULATING THE HEIGHT 
OF THE CENTRE OF GRAVITY OF AN OBJECT 
PLACED UPON THE BALANCE TABLE. 


In fig. 3 on the next page, 
Let a be the original angle of elevation of the supporting point S (end 
of the table) from the fulerum F. Spring tension at zero. 
w be the weight of the whole system in kgs. 
h be the height in em. of the centre of gravity of the system above 
the fulerum. 
d be the horizontal displacement of the centre of gravity on tilting. 
6 be the angle of rotation of S about F when a weight of 1 kg. is 
hung on the end. ; 
y be the amount of vertical depression in em. of the point of attach- 
ment. 
L be the fulerum-power distance (F.S.) in em. 
T be the tension of the spring at final equilibrium, 
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X be the amount of extension caused by hanging 1 kg. alone upon 
the spring balance. 
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Fig. 3. 


Showing the conditions for equilibrium before and after tilting of the balance table 
(Vertical scale exaggerated). 


Then T == kg. (by rr ee ee ae ome (1) 


at equilibrium in the position shown by the dotted lines. 


, 


The moment about F due to the altered centre of gravity of the 
system = wd. 

The moment about F due to the kg. weight = 1 * L cos (a — @). 

The supporting moment due to the spring balance = T.L cos (a — @). 


. 
= — L cos (a— 8). 
x - 
Hence, equating moments we have 
Vv 
wd + L cos (a— 6) = — L cos (« — 8) ee a! cee > (2) 
whence wd = L cos (a — @) De ee (3) 
Further, since d =h sin 6 and 
y =L sin a — L sin (a — 6) 
d_ h sin 6 
y L |[sme—ain (—6)] *) 
7 h sin 6 a. 
so that d= (5) 


L sin a — sin (a — 8) 
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Substituting in (3) for d we have 





















= h sin 6 y 
| a) a eee | | 
“-L* sina— sin (a — 0) is one te 0) (x ) (6) 
L? sin a — sin (a — 6) - 
whence wh = <-.- aaa - CoS (a—@) . (¢-1) 
ov y 
‘ == .P.a.(¥-) Mera NER 
sida p— na — sin (a — 6) 
sin 6 
and Q = cos (a — 6) 










Since it appeared likely that a considerably abbreviated and yet sufficiently 
accurate expression might be derived from this, an examination was made of 
the changes of value of the factors P and Q over the range of values of @ likely 
to be concerned. 

It was found that the product P.Q. differs from unity by not more than 
0-001 for ranges of value of 6 much greater than those concerned in the work. 








Hence we may write: 


wh= (4 -1) 
=1("-") ae et 


Now if we wish to determine the product wh for an object placed upon the 
balance table, we have simply to deduct from the moment for the whole system 
that due to the balance table alone. 

Thus if 

w, be the weight of the table, 

w» be the weight of the object placed upon it, 

h, be the height of the centre of gravity of the table above the fulcrum, 
h. be the height of the centre of gravity of the object above the fulerum, 
hs be the height of the centre of gravity of the system above the fulcrum, 
Woho = (wy + we) hg—wyhy . . . . «ee ew ee CY) 


















Now let y; be the vertical depression produced by 1 kg. in the case of the 
table only, and y» in the case of table and object. Then from (8) 


w,h, —L? E- ): fe ee a ye go kt ll 
l 
. a 
(wy + We )hg = 1+(.->- So Se ee ee ee 


subtracting (10) from (11) we have 


. 2 
(wy + we)hy — wih, =L? =) <a ee ee eT a ee 


: 1 2 
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Hence from (9) and (12) 





wyh, = L? -—-) ie RE a he lake ceri 
YY Y¥s2 

_L? L®* 

,. Y. (14) 
Further, as the value y, for the table may be determined once and for all 
L? —K a constant 
yi 
so that we may write as our final equation 

- L2 
wah; = K— ea ae Se ee Gr ugha t yy ee ae 

co 
or hs = Yo . . e © ° ° ° ° . ° ° e (16) 


Wo 
Where y is the extent of the depression produced by hanging 1 kg. weight on 
the hook of the balance when the subject is placed upon the cross board. 

This formula may be expressed in words as follows: The height above the 
fulcrum of the centre of gravity of any object (placed on the balance table) 
is equal to a fraction whose numerator is the excess of a constant over the 
dividend of the fulerum-spring distance by the spring extension per kg. (with 
the whole system attached), and whose denominator is the weight of the object 
in kgs. 


TECHNICAL DEVELOPMENT OF THE METHOD. 


In the preliminary stages of the work two methods were employed to 
measure the depressions of the end of the table or extensions of the spring: 

1. By making a record on a smoked drum from a light lever attached to 
the balance index (circular spring balance) and calibrating accordingly. 

2. By direct measurements of spring extension by means of a good 
cathetometer. 

The second method was found to be easily the more accurate, and had the 
advantage of giving immediate results. It is clear that the accuracy of the 
method depends upon the following cardinal points: 

1. The accuracy with which the spring balance employed obeys Hooke’s 
Law ; and 

2. The accuracy with which the whole system when displaced will return 
to the same position at rest. 

In the preliminary experiments carried out to test the accuracy of these 
two processes the results exceeded all anticipations, especially in.respect to the 
second point, so that the cathetometer employed was taxed almost to its limit. 
This cathetometer can be read to 0-01 mm., while an occasional 0-005 mm. 
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was recorded when alignment of the vernier scale appeared to be intermediate. 
To eliminate the possibility of alterations of floor level during experiments, the 
feet of the instrument were mounted upon small steel-capped concrete pillars, 
which were in turn bedded upon a concrete floor below the floor of the labora- 
tory itself. 

Various sighting devices were tried to achieve maximum accuracy and ease 
in obtaining exact level with the cross-wires of the telescope. 

The best results were obtained by sighting the cross-wires so as to bisect 
a fine white line ruled upon the black background of a piece of photographic 
negative attached to the end of the balance table. 

The bisection of this tiny slit by the horizontal cross-wire could easily be 
made correct to 0-01 mm. 

In carrying out the fundamental tests referred to above, it was found that 
a good Salter’s balance (both circular and linear types) obeyed Hooke’s Law 
with an extraordinary degree of fidelity. 

The following data given in Table 1 is typical of the tests that were made: 


TABLE 1. 
Showing the Fidelity with which a good Spring Balance Obeys Hooke’s Law. 
EXTENSIONS OF THE SPRING IN MMS. 
LOAD 500 grms. 1,000 grms. 1,500 grms. 


-09 
“11 
-10 


MEAN 3-7: 27- -10 


Extension per kg. 27. 27-4! 27.40 


From these results it is evident that the increments of length are closely 
proportional to increments of load for a range which exceeds the extent of 
loading in the actual centre of gravity determinations. 

With regard to the second point it may be said that in the course of experi- 
ments this was checked many scores of times. When the system is displaced 
(after a sight has been taken), and the supporting structure gently tapped as 
the table comes to rest, no difference in the position of the cross-wires can be 
detected. 

The next step was to test the accuracy of the method itself. This was done 
by employing it to find the centre of gravity of an inanimate object of such a 
shape that the true centre of gravity could be determined directly with a high 
degree of precision. For this purpose a heavy beam of rectangular shape was 
chosen, of the following dimensions: 155-6 em. long, 30-7 em. wide. and with a 
thickness varying from rather less to rather more than 5 em. The sides and 
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ends were smooth as well as parallel, but owing to the varying thickness the 
centre of gravity was not equidistant from either the two sides or the two ends. 

The determinations of centre of gravity were carried out for all four 
possible positions of the beam, namely, standing on each end and on each side. 

When all measurements were completed two tiny holes were bored through 
the beam, which was then suspended by passing a thin steel rod through each 
in turn. By the accurate determination of the intersection of plumbob lines 
from these, the centre of gravity of the beam was found correct to less than 
1 mm. 

The results of the tests are set out in Table 2. 


TABLE 2. 


Testing the Accuracy of the Differential Tilting Method for the Determination 
of the Centre of Gravity in the case of a Heavy Beam. 


Height of C. of G. in mm. 


Position Direet Differential B Corrected Error Error 
of Beam. Method Tilting Method for taking in as 
A. B. P.Q. = 1. em. per cent. 
On side A 15-10 15-20 15-17 0-07 0-5 
On side B 15-30 15-50 15-47 0-17 1-1 
On side C 76-60 76-90 76-75 0-15 0-2 
On side D 78-20 78-10 78-10 —0-10 0-1 


The complete procedure in making the determinations of centre of gravity 
in the case of the human body may now be described. 

All measurements were made with the subject fully clothed, except in the 
case of height, when the shoes were removed. This was done so as to realize 
the identical conditions originally obtaining when measurements were made of 
the blood shift due to exercise. The only appreciable difference produced by 
taking the fully clothed as against the nude body would occur in the case of 
the sitting posture, when a slight lowering of the centre of gravity would be 
produced by the shoes. After the height and weight were measured the subject 
was required to recline supine upon the cross board, placed centrally upon and 
at right angles to the balance table, which was meanwhile kept fixed. An 8-lb. 
linear spring balance was then hooked on, the table nearly levelled by sliding 
adjustable weights at the side, but with a slight tilt upward towards the spring, 
so that the mean between unloaded and loaded positions would approximate 
the horizontal. A reading was then taken of the precise height of the “sight” 
by the cathetometer, the 500 gm. weight hooked in position, and a second read- 
ing of height taken when the system had come to rest with light tapping. This 
procedure was repeated until consistent readings were obtained. In general 
the first few readings gave discordant results, but after some four to six 
minutes reliable values were invariably obtained. 

It was found advisable to ask the subject to hold the breath for about ten 
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seconds just as the cross-wires were “sighted,” as in many cases slight oscilla- 
tions were produced by the respiratory movements. The values for the differ- 
ences in height were then doubled to give the equivalent depression ‘for the 
weight of 1 kg., and by substitution in equation (15) the height of the centre 
of gravity above the fulcrum determined. By subtracting from this the height 
of the supporting surface above the fulcrum, the supine height of the centre of 
gravity is found. 

The same procedure is repeated after placing a right angle support upon 
the cross board to enable the subject to remain motionless in the sitting posture, 
and after hooking on a second duplicate spring balance. This time the experi- 
mental loading weight is 1 kg. 

In order to obviate any movement on the part of the subject, supports were 
provided to keep both the feet and head perfectly steady during the experiments. 

It should be noted that when the substitution in equation (15) is made 
the value of K is different for the supine and sitting systems. Previous experi- 
ments were carried out to fix these values once and for all with a high degree 
of accuracy. As it was considered advisable to measure the sitting height of 
the subject under the experimental conditions, the support provided was fitted 
with a device for making this measurement by sliding a flat plate vertically 
downward to make contact with the vertex. This was arranged to give the 
values of sitting height direct to obviate subsequent subtraction of numbers. 
Readings were taken in this way at the beginning and at the end of the experi- 
mental period, which generally lasted some eight to ten minutes. A slight 
shrinkage in the sitting height was invariably recorded, averaging some 3 to 
4mm. This is one of the reasons why some short period of rest in the experi- 
mental position is necessary before highly accurate estimations can be made. 


AN ACCOUNT OF THE RESULTS OBTAINED IN THE CASE 
OF A SCORE OF MEN AND OF WOMEN. 


Since the primary object of the investigation was to apply the results to 
correct certain measurements already made in respect to functional changes in the 
centre of gravity in the supine and sitting postures, no attempt was made te 
secure any more extensive data at this stage than would suffice for prediction 
purposes in the case of the original subjects concerned. Moreover, since pre- 
vious observations on the cranio-caudal height of the centre of gravity in men 
and in women showed very little variation in proportion to total height, it 
was anticipated that a group of about twenty subjects for each sex would be 
ample to give the necessary information for the present purpose. For con- 
venience of reference in other parts of this paper the results for one group 
(men) are tabulated in detail, together with certain ratios that will be subse- 
quently required in the section dealing with prediction. The data and ratios 
are set out in Tables 3 and 4. 
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TABLE 3*. 
Giving the Heights of the Centre of Gravity (Supine) in the Case of Twenty Men, 
together with Certain Other Body Measurements. 


l 2 3 4 5 6 7 8 
> oa 
& ; ° 
e § : Hh fe 
= 3 Sei _" H psw | 100 hy a 
= es = = w == index oo H. - 
3 = 6 J Os of build. = > 1135 W 
S eg \- oo = e 
ot Zz mo Si RO 
A.J.M. 1 164-0 6-4 2-6 1-00 10-2 6-20 0-99 
M.R..J. 2 166-0 59-8 42-4 1-00 10-8 6-50 1-03 
G.H.H 3 171-0 63-6 42-8 1-01 10-3 6-00 0-97 
J.L.H 4 173-5 64-1 43-4 1-02 10-6 6-10 1-01 
P.H.M 5 170-0 65-0 42-0 0-99 11-0 6-50 1-01 
N.H.M. 6 177-0 65-7 43-8 1-03 10-7 6-05 1-02 
G.G.B. 7 162-5 66-4 40-1 0-95 11-7 7-20 1-03 
A J.C. 8 167-5 66-4 41-3 0-97 10-6 6-30 0-95 
G.S.F. 9 73-0 66-9 42-6 1-00 10-9 6-30 1-00 
K.R 10 167-5 66-9 41-2 0-97 10-7 6-40 0-96 
J.W. 1] 174-5 66-9 42-8 1-01 11-1 6-35 1-03 
J.K.A. 12 179-2 67-3 44-0 1-04 10-6 5-90 1-01 
A.L.C 13 175-5 67-8 3-0 1-01 10-8 6-15 1-00 
H.C.J 14 174-0 68-9 42-4 1-00 10-9 6-25 0-99 
LIB 15 169-0 69-0 41-2 0-97 11-2 6-65 1-03 
V.J.0’R. 16 73-5 70-0 41-8 0-99 11-4 6-55 1-00 
APP 17 176-0 71-1 42-4 1-00 10-6 6-00 0-95 
E.V.P. 18 180-5 71-7 43-3 1-02 10-7 5-95 0-99 
F.P.O. 19 170-0 71-8 40-8 0-96 11-4 6-70 0-98 
W.J.L. 20 177-6 73-6 42-4 1-00 11-7 6-60 1-04 
MEAN 172-1 66-9 42-3 1-00 10-9 6-33 1-00 
* In several instances in the following tables the results could well be expressed to the next 
decimal place. This, however, has not been done in order to keep the tables more compact, and 
to facilitate comparison. The statistical values, however, have not been allowed to suffer from 


this approximation of the tabulated results. 
Comments on Table 3. 


It will be seen on inspection of columns 6 and 5 of the table that the values 
of the supine height of the centre of gravity, expressed as per cent. of the 
standing height, are spread over a wider range than the original absolute 
values. Whereas, for example, the absolute values show a range of 14 per cent. 
of the mean for the series, with a coefficient of variability of 3-75 per cent., the 
former values show a range of 20 per cent. and a coefficient of variability of 
4-9 per cent. For this reason the height of the subject is not a suitable basis 
for prediction of the supine height of the centre of gravity, and therefore other 
expressions have been utilized for this purpoes. 

The values given in column 4 for index of build, and in column 7 for the 
expression involving h, H and W are those used in the subsequent section for 
such prediction purposes. They are given here to save reduplication of the 
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columns for height and weight in the later tables. In the meantime it may be 
noted that in general, where the index of build exceeds unity, the per cent. 
value of the supine’height of centre of gravity tends to be relatively low. The 
reason for this will be dealt with in the section on prediction. 


TABLE 4. 


Giving the Heights of the Centre of Gravity (Sitting) in the Case of the 
Same Subjects as in Table 3. 


1 2 3 4 5 
No. of Sitting Height Height of C. of 1008 100h. 100h. 
Subject. =S. G. sitting = hy H H S 
1 84-4 25-4 51-4 15-5 30-1 
2 88-0 25-9 52-0 15-6 29-4 
3 88-5 25-8 91-8 15-1 29-1 
+ 86-9 25-0 49-8 14-4 28-7 
5 86-8 27-7 51-1 15-6 31-9 
6 88-5 25-0 49-8 14-9 28-2 
7 87-4 14-9 53-8 15-3 28-5 
8 84-0 25-9 51-4 15-5 30-8 
9 93-0 28-4 53-8 16-4 30-5 
10 87-4 25-4 52-2 15-1 29-0 
11 89-0 26-0 50-8 14-9 29-2 
12 93-2 26-6 52-0 14-8 28-5 
13 93-0 27-8 52-6 15-8 29-9 
14 90-8 25-4 52-1 14-6 28-0 
15 92-0 27-8 54-4 16-4 30-2 
16 89-3 25-6 51-3 14-7 28-6 
17 92-4 27-1 52-5 15-4 29-3 
18 95-4 27-0 52-7 15-0 28-3 
19 91-0 27-0 53-5 5-8 29-7 
20 92-8 27-6 52-2 15-5 29-7 
Mean 89-8 26-4 52-1 15-3 29-4 


Comments on Table 4. 


In this case it will be seen that a considerable degree of constancy is 
attained when the values for the sitting height of the centre of gravity are 
expressed as per cent. of the standing height. A still closer degree of relation- 
ship is shown to the sitting height itself, as may be seen by examination of the 
data in column 4. In order to facilitate comparison, the standard deviation 
coefficient of variability and range of values for the essential quantities shown 
in Tables 3 and 4 are grouped together in Table 5. 

The data for the group of women was examined in the same way. As the 
general results are sufficiently illustrated by the detailed tables for the men, 
the complete data for the women is not given in full, but is represented in the 
analysis in Table 5. 
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TABLE 5. 


Showing an Analysis of the Essential Data given in Tables 3 and 4 for the Group 
of Men, together with the Corresponding Analysis for the Group of Women. 


Height of the C. of G. Supine. Height of the C. of G. Sitting. 
MEN. MEN. 
As % of As % of 
Absolute As % of sitting Absolute As % of sitting 
value em. height. height. value em. height. height. 
Mean 10-9 6-33 12-2 26-4 15-3 29-4 
8.D. 0-41 0-31 0-54 1-08 0-53 0-83 
Maximum range 
as % of Mean 13-7 20-5 18-1 13-1 13-1 10-7 
Coefficient of 
Variability 3-75 4-9 4-4 4-1 3-5 2-8 
WOMEN. WOMEN. 
Mean 10-1 6-24 11-9 24-7 15-3 29-2 
S.D. 0-50 0-23 0-51 0-81 0-77 0-83 


Maximum range 


as % of Mean 16-7 16-0 14-7 23-8 15-2 14-7 
Coefficient of Vari- 
ability (as %) 5-0 3-6 4-3 3°38 5-0 2-8 


On comparing the tables for men and women it will be observed that the 
mean ratio of supine height of the centre of gravity to standing height is 
slightly lower in the case of the women. This is contrary to expectation, for 
women have on an average a greater ratio of trunk length to height, which 
should inerease the ratio under diseussion above that of the men. The present 
anomaly, however, may be explained by the fact that the group of twenty 
women included no less than four of an unusually slim build, all of whom gave 
very low values for the supine height of the centre of gravity. 

It should be stressed that no attempt was made to measure the true sitting 
height according to the precise conditions for anthropological work, as it was 
important to place the subject in a position such as could be maintained for ten 
minutes or so without undue discomfort. For this reason the subjects were 
required to sit only so close to the upright support as was compatible with 
reasonable comfort, and with legs extended. 

This procedure is responsible for the slightly subnormal values recorded 
for the ratio of sitting to standing height. As shown in Table 5, the mean value 
of this percentage ratio is 52-1, whereas the data published by Bardeen shows 
a value of 52-6, both ratios being for men. This slight deviation from standard 
posture, however, though producing some decrease in the true ratio of the 
sitting height of the centre of gravity to the standing height, would have very 
little effect on the ratio of this quantity to the sitting height as measured, since 
both these values are changed in the same direction. 
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AN EXAMINATION OF THE DATA FOR THE PURPOSE OF PREDICTION 
OF THE SUPINE AND SITTING HEIGHTS OF THE CENTRE 
OF GRAVITY FROM VARIOUS BODY MEASUREMENTS. 


The question next arises as to the prediction of the height of the centre of 

























gravity in both postures from the body measurements of the subject. Several 
ways of predicting the values for the supine height of the centre of gravity 
were tested, viz. : 

1. From the standing height. 

2. From the body weight. 

3. From a function of height and weight evolved from theoretical econ- 
siderations. 

In the first instance the predictions were made on the basis that if all 
subjects were of precisely the same shape, all linear measurements, including 
the supine height of the centre of gravity, would be proportional to the total 
height. Thus if h be the former quantity and H the height of the subject, 


the ratio W would be constant for individuals of varving height but identical 


ng ‘ ‘ © 
shape. Provisionally, as far as this work is concerned, the ratio Ais taken as 


that caleulated from the average values of the subjects observed, namely ha 
and Ha respectively (Metrie System). In the case of a subject whose height 
only was known, the value of h would be ealeulated from the formula : 
h- h, 
HH, 
The error in this predicted value would depend upon the deviation of the sub- 


(1) 


ject from normal shape. 

In a similar way, if all subjects were of identical shape (assuming a con- 
stant density), all linear measurements, including the supine height of the 
eentre of gravity, would be directed proportional to W4, where W is the body 
weight in any unit. This is essentially the same thing as saying that the volume 
of all subjects of identical shape is proportional to H*, which is practically 
axiomatic. The prediction would therefore be made on this basis from the 
formula: 

vy * 
wi Wi ° 
where the symbols are chosen to correspond to equation (1), subscript a denot- 
ing the average for the group of subjects measured. 

In the third method of prediction, both the height and weight of the sub- 

ject were considered as follows: 


(2) 


Since it is clear that if all individuals were of identical shape the ratio wi 


would be constant, any inerease in this ratio as actually oceurring would indi- 
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cate a slimmer build than normal, while.a decrease in this ratio would indicate 
a relatively stouter build. 

To elaborate this, let us consider a number of individuals of the same 
weight but of different heights. If these be arranged in a row in ascending 
order of height from left to right, then clearly the stouter subjects will appear 

3 , ‘ — 
on the left and the slimmer ones on the right, while the ratio wr will be at 
least on the left and increase progressively to the right. The individual ratios 


calculated in this way are given in column 3 of Table 3. To convert these ratios 
to an index they were next divided by the ratio derived from the average values 


of H and W for the series, namely, wt = 42-3, so giving the normal value as 


unity. This index shall be referred to as index of build No. 1, or I, to distin- 
guish it from an analogous quantity, lo, derived in a similar way from the 
supine height of the centre of gravity. The index is therefore calculated from 
the formula: 











H 
Ww 
I= 
1 H, 
w.! 
or I,= A. (3) 


‘H,Wt . . . . . . 


The values of 1,* for each subject are given in column 4 of Table 3. 

In the same way as above we may reason that in the case of the supine 
height of the centre of gravity, the ratio of this quantity to W* would be greater 
with stouter builds than normal and less with subjects of slimmer build. Hence 
this ratio would vary in the opposite direction from the former ratio with 
deviations from the normal shape. To test whether the variations of these 
ratios in opposite directions were simply related, their product, namely, 


H H : ge hH 
wi “wr Was caleulated for each subject. This gives the value: wr 
i et 3 
* The ratio —> was chosen for this purpose rather than + hecause the former gives 
w: 
fairly convenient numbers and the latter inconvenient small decimals. It is not realized, 
however, until the work was complete and all calculations made that the concept had been 
employed by others for similar comparative purposes, and that the usual method is to com- 
a 
pute the ratio Ww ¢ 
H 
Moreover, as the usual practice is to use the ratio direct, and not convert it to a basis 
of unity, it was decided to keep our own indices as they stand, since comparisons are 
easier to make and to remember in this way. However, it should be noted that in our ease 
the higher index has the opposite meaning to that in common use. In order to check up the 
constant 42-3 with the data given by Bardeen, a calculation was made to convert his mean 
ratio for men to the metrie system and calculate its reciprocal. This gave a value of 41-8, 
which is very close to the value for the constant 42-3 assumed above, 
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; H, ha 
—— == 42°3 — —2: 
Further, since Wi and Wi 68 
ere h,H, 
the mean value of this produet = "= 42-3 & 2-68 


= 113-5 
oo hH - . 
Each individual product Wi was therefore divided by 113-5 to make a 


clearer test for constancy by comparison with unity. These final comparative 
ratios for the subjects examined are given in column 7 of Table 3. The fact that 
this ratio is typically so close to unity for the individual indicates that the expres- 
sion may be usefully employed to predict the value of h from the height and 
weight of the subject. 


The prediction would therefore be made by ealeulating h from the equation 
h.H 


wi — 113-5 
or h ——— eno. ae Ge er wee a ee ee (3) 


Before caleulating any of these prediction values it was realized that it is 
possible to show from purely theoretical considerations that more accurate 
predictions of the supine height of the centre of gravity may be made from the 
weight than from the height of the subject. Space considerations, however, 
preclude the elaboration of this point in the form of a rigid proof. 

On Inspection of Table 6, which gives the various errors of prediction 
according to the various methods, we see that this theoretical reasoning is borne 
out by the experimental findings. In this table the predicted value of the 
supine height of the centre of gravity from the height is denoted by hy, and 
the predicted value from weight by hw. 

We would naturally expect to find this verification onlv within the experi- 
mental error of the method, so that there would be scope for the value of hw 
to approach h more closely than hy only when the latter showed a reasonable 
deviation from the true value. 

In Table 6, columns 2 and 3, are given the deviations of hy and hw from 
h respectively. 

Tn 14 eases out of 15 where the deviation of hy from h exceeds 1 per cent., 
hw has the same sign as hw. and does approximate h more closely. The only 
exception is subject No. 2, where hw is 0-5 per cent. less accurate than hy. 

When the predictions of h from the funetion involving H and W are 
examined, it is seen that these are still more accurate, giving a mean error of 
2-23 per cent. 

In the ease of the prediction of the value of the height of the centre of 
gravity, in the sitting posture (ho). no such theoretical approach to the subject 
is apparent. In this case the best predictions are made from the sitting height, 
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as is seen from a comparison of columns 6, 7, and 8 of Table 6. In this instance 
the mean error of prediction is 2-26 per cent. of the true value. 


TABLE 6. 
Showing the Errors in the Prediction of Supine and Sitting Heights of the Centre 
of Gravity (hy and ho) respectively from Various Body Measurements. 


Error=Predicted Value.—Determined Value. 


Error when predicted. Error when predicted. 

Number Observed From From From Observed From 
of Value Height Weight 113-5 W! Value From From _ Sitting 
Subject. hy hy hw H hy Height. Weight. Height. 

1 2 3 4 5 6 7 8 

1 10-2 2-0 1-0 0-3 25-4 1-5 1-5 3-0 

2 10-8 —2-5 —3-0 —3-2 25-9 2-0 2-0 0-0 

3 10-3 5-0 3-5 2-5 25-8 —1-5 —j]-0 —1-0 

4 10-6 3°5 1-0 —1-5 25-0 —h-0 —4-() —]-5 

5 11-0 ie =i -1-5 27-7 2.0) 6-0 3-0 

6 10-7 4-5 1-0 —2-5 25-0 —2-5 —5-0 —4-() 

7 11-7 13-5 —8-5 —2-7 24-9 0-0 —§-5 -]-0 

8 10-6 0-5 2-5 5-0 25-9 1-5 —2-0 2-5 

9 10-9 0-5 0-0 =f). 7 98.4 7-0 7-5 4-0 

10 10-7 —j]-0 1-5 5-0 25-4 a —4-() aun} of) 

11 11-1 ma i ~ ae 26-0 ts € _ * 

12 10-6 7-0 3-0 —1-2 26-6 —3-0 4.5 —3-0 

13 10-8 3-0 1-0 —-.5 27-8 3-0 5-0 1-5 

14 10-9 1-0 1-0 0-7 25-4 —4-5 —5-0 7-0 

15 11-2 —5-0 —2-0 1-0 27-8 7-0 4-5 3-0 

16 11-4 —3-5 —3-0 —3-0 25-6 —4-0 —4-5 5-0 
17 10-6 5-0 4-5 5-0 27-1 0-5 1-0 0-0 
18 10-7 6-0 3-0 1-2 27-0 —2-0 0-0 2.0 
19 11-5 —+5 -2-5 1-5 27-0 3-5 0-0 0-0 
20 11-7 —4-5 —4-0 —4-5 27-6 1-5 1-5 1-5 
Mean 10-9 3-95 2-50 2-23 26-4 2-85 3-10 2-26 


In the case of subjects where predictions must be made retrospectively, as, 
for example, in the work already referred to as completed before this investi- 
gation was commenced, these predictions are better made from height than 
from weight, as is evident from the same table. 

In a further study, where the minute to minute changes in the centre of 
gravity were in question, special attention was paid to the constancy with 
which the final levels of this point were attained. Though these observations 
are too extensive to include in the present paper, they have an important bear- 
ing on the accuracy of the determinations. 

It was found that in successive determinations made on the same subject 
in the one experiment, in the case of the supine posture the mean error was 
rather less than 1 mm., or 0-07 per cent. 

Since Palmer states in regard to his own method, “the results of these 
experiments show that the centre of gravity of the human body ean be located 
within a circle of radius of 5 mm.,” it would appear that the present method is 
of a higher order of accuracy than the methods previously described. 
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SUMMARY. 





1. For the purpose of applying the results to other problems, a new method, 
ealled the Differential Tilting Method, has been developed for determining the 
antero-posterior position of the centre of gravity of the body. 

2. The method has been tested by applying it to find the centre of gravity 
of an inanimate object, giving results closely approximating the true value. 
3. In suecessive determinations made on the same subject in the same experi- 







ment. the results show a mean error of 0-7 per cent., or less than 1 mm., which is 
of a distinetly higher order of accuracy than the methods previously described. 

4. The mean supine height of the centre of gravity was found to be 10-9 
em. above the supporting surface, for a series of twenty men. The 8S.D. for the 
series was 0-41 per cent, and the coefficient of variability 3-75 per cent. 

5. In the case of a group of twenty women the corresponding values were : 
Mean, 10-1 em.; 8.D., 0-50 em.; and co-efficient of variability, 5-0 per cent. 

6. It was found that the predictions of the supine height of the centre of 
gravity from body measurements gave more accurate results from an expres- 












sion developed on theoretical grounds involving both height and weight. 
7. The same method may be employed to find the height of the centre of 
gravity of the subject in the sitting posture, for which no method can be found 







by a thorough search in the literature. 
8. In this instance the order of accuracy is much the same as previously 






quoted for the supine height of the centre of gravity. 

9. In the series of men the mean height of the centre of gravity in this 
posture was found to be 26-4 em., and in the case of the women 24-7 em. The 
respective S.D.’s were 1-08 em. and 0-81 em., and corresponding coefficients of 
variability 4-1 per cent. and 3-3 per cent. 
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OBSERVATIONS ON THE VENOM OF A MELANOTIC 


INSULAR VARIETY OF THE TIGER SNAKE 


(NOTECHIS SCUTATIS)' 
by 
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Melanotiec forms of the tiger snake (Notechis scutatus) have been described 
from Eyre Peninsula in South Australia, from Kangaroo Island, Flinders Island, 
and Tasmania, but there are no previous observations upon their venom yields or 


venom. 


Our observations have been made upon 49 living specimens, collected for us 
in Chappell Island, Bass Strait, by the late Mr. J. W. Murray, in February, 1931. 


1. MORPHOLOGICAL. 


Examination of the external characters of these snakes does not warrant 


the range for the typical Notechis scutatus as 15-19 rows. 


their separation as a species from the typical Notechis scutatus of the Australian 
mainland. The only consistent difference is that in the Chappell Island snakes 
the seales in the middle of the body are regularly in 17 rows, whereas in a large 
series of tiger snakes collected in Victoria they are in 19 rows. Boulenger gives 


The Chappell Island snakes present many variations in the scales of the 
head. Among these are found characters similar to those used by Krefft in 
describing Notechis ater, from one specimen, for which the locality is given as 
Flinders Range. This was consigned to the synonymy of WN. scutatus by 
Boulenger (1896), and reinstated as a species by Kinghorn (1921). 
examination of our specimens we are convinced that it is no longer possible to 
regard N. ater as a distinet species. N. scutatus var. niger Kinghorn is distin- 
guished from the typical N. scutatus, not only by its colour, but by the possession 
of chin shields equal in length. Of our Chappell Island snakes some resemble 
Kinghorn’s variety in this respect, and some the typical form, in which the 
posterior chin shields are longer than the anterior. We can therefore no longer 
regard this character as significant, and the variety must depend solely upon its 
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colouring. The following is a description of a normal melanotic specimen (figs. 
1, 2, and 3). 


Locality, Chappell Island, North-east Tasmania. Sex g¢. Length, 1,293 mm.; tail, 
186-0 mm.; width of head, 31-0 mm.; width between eyes, 17-0 mm.; gape, 33-5 mm.; anal 
plate undivided, subecaudals, 50; all single, abdominals, 170. Transverse body scales in 17 rows. 


Ventral Plate 20th 40th 60th 80th 100th 120th 140th 160th 
Rows 15 17 17 17 16 15 13 13 


Head broad and flat, tapering to a rounded snout, and moderately distinct from neck. 
Canthus rostralis only slightly developed, but eye has appearance of being deeply sunk. Size 
of eye moderate, its length (6-0 mm.) greater than its distance from, the mouth (4-5 mm.). 
Colour of iris black, with inner ring of orange yellow. Rostral small, tip only visible from 
above, broader than long (7-5 X 5-5mm.). Internasals (3-5 mm.) more than half length of 
praefrontals (6-0 mm.). Frontal (9-5 X 8-5 mm.) a little longer than broad, its anterior edge 
almost straight, its posterior bluntly pointed. Frontal much wider than supraoculars (5-5 mm.). 
Parietals, 16-5mm. Nasal undivided, and in contact with single praeocular. Postoculars two, 
temporals 2 + 2, lower anterior deeply wedged between 5th and 6th supralabials and almost 
touching the upper lip. Supralabials six, 3rd and 4th entering eye. Infralabials six, first 
three in contact with anterior chin shields, which are a little shorter than the posterior. 

The dorsal surface, including the head, is uniformly black, The colour becomes lighter 
about the neck and sides, where the last row of body scales on each side are yellowish at the 
base and dark brown at the tips. The ventral surface of the head is greenish vellow. The throat 
and anterior eighth and the ventral surface of the body is yellowish, the abdominal scales 
having fine black posterior margins. The colour becomes greenish yellow, mottled with black, 
at about the centre of the body, and in the posterior half is black, especially at the edge of the 
scales, relieved by a tinge of dark greenish yellow at the middle and base of the seales. 

Though most of the specimens were extremely dark and showed no signs of the typical 
transverse banding of the tiger snake, in a few these bands were easily discernible in strong 
sunlight. In four specimens the general body colour was dark brown rather than black. Occa- 
sionally, the seales of the side of the neck and the ventral surface, instead of being yellowish, 
were bluish grey. 

The skull is similar to that of the mainland tiger snake, except for the very strongly 
developed median parietal crest and the pronounced ridging of the quadrate bones associated 
with the attachment of powerful muscles in these large island specimens. The lengths of the 
fangs in four skulls of the Chappell Island snakes were in one 4-5, and in the remainder 
5-0 mm., as compared with lengths of 4-0 and 4-5 mm, in the skulls of four mainland tiger 
snakes. 

Early in March a number of female snakes gave birth to young, whose 
colouration was similar to that of the adults. In all the head was uniformly 
black. The body was usually devoid of cross bands, the general colour of the 
dorsal surface varying from black to coppery brown. <A few specimens were 
transversely banded, the bands being very numerous, narrower, and more 
closely spaced than in the young of the normal mainland form. The under- 
surface of the head, neck, and anterior portion of the body was yellowish, some- 
times tinged with pink, but the more posterior regions were increasingly 
darker, the subeaudals being almost black. The fact that most of the young 
resembled the parents in the absence of visible bands makes improbable 
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Boulenger’s suggestion ((1896), vol. 3, p. 352) that the dark cross-bands of the 
young of tiger snakes may disappear in the adult. 

The young snakes were not so active as those of the mainland form of 
approximately the same age. The mean length and weight of 20 which were 
16 weeks old were 24-6 em. and 5-6 grms. Those of 24 typical mainland tiger 
snakes of similar age were 23-5 cm. and 3-4 grms. These snakes were all in 
excellent condition, though we had been unable to find suitable food for them, 
a variety of insects being refused. 

A tiny bead of venom could be obtained from each fang by milking 
through rubber sheeting. With difficulty some of the young were induced to 
bite guinea-pigs of 400 grms. weight. One animal bitten once by a single young 
snake died in 48 hours, but two other similarly treated survived without 
symptoms. 


Variations found in Chappell Island Tiger Snakes. 


Of our 49 adult specimens a number exhibit variation in the head shields, 
and similar variations are observed in the young. All these variations are in 
the direction of reduction. 


In five adult specimens the internasals were absent (figs. 4, 5, and 6), the praefrontals 
being symmetrical, and extending forward to form sutures with the rostral, nasal, and 
praeocular. 

In two there were ouly five supralabials (fig. 16). This variation occurred on both sides 
in each specimen. Since in each, only the third, instead of the third and fourth, entered 
the eye, it is probable that fusion of the third and fourth supralabials had taken place. 

A fourth abnormality occurs in the anterior temporal shields, which in one specimen are 
completely fused with the fifth supralabials (fig. 12). 

The frontal shield exhibits much variation. In some it is distinctly shield-like, broadest 
anteriorly, and tapering behind to a sharp point; in others the shield is broadest at the 
posterior end, which is rounded. 

In the young, intermediate stages in the fusion of shields can be observed (figs. 7, 8, 
and 9). 

Brief notes on five of these specimens, with their variations (Registered Nos. 69, 70, 71, 
72, and 74, Hall Institute Museum) are here presented. 

No. 69. No internasals, but a notch shows site of suture line in normal specimen 
(fig. 9). 

No. 70. Upper posterior temporal largest, especially on left side. On the right, the 
lower posterior temporal has fused with the sixth supralabial (fig. 11). 

No. 71. Internasals absent (fig. 10). On both sides the lower anterior temporal and the 
fifth supralabial are fused (fig. 12). 

No. 72. No internasals, but suture line indicated by notch in middle line between 
praefrontals (fig. 8). On the left side the two posterior temporals have fused (fig. 13); on 
the right the two anterior have almost fused, the suture line extending only half-way across 
the shield (fig. 14). 


No. 74. Internasal present on left side, and only portion of suture line on right (fig. 7). 
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Variations of this kind in island fauna are extremely unusual, and though 
we have had through our hands at least 500 tiger snakes from the mainland 
during the last three years, we have not observed any such variants among 
them. 


2. THE AMOUNT OF VENOM YIELDED BY BLACK TIGER SNAKES. 


The weight of the primary venom yield obtained from 49 living specimens 
a week after they reached us ranged from 0-001 to 0*226 grm. The mean length 
of these specimens was 137-5 em., and the extremes 105-5 em. and 162-5 cm. 
Their mean weight was 1-06 kilo., and the extremes 0-505 and 1-945 kilo. 
Analysis of the figures showed that though there was great variability in the 
amount of venom discharged by snakes of the same size and weight, there was, 
as might be expected, a relationship between the length of the snake and the 
primary venom yield. Arranging the reptiles in groups, which increases in 
length of 10 cm. from 110 to 160 em., the average yields in the groups were 
0-0381, 0-0745, 0-0721, 0-0865, and 0-0917 grm. of dry venom. 

In Table 1 are set out the average venom yields of the Chappell Island 
snakes at the “primary” and six successive “milkings” during the winter 
months. During this time the snakes hardly fed at all. They refused frogs, 
and only a few of them would eat rats or mice. Despite this they have re- 
mained in splendid condition to the time of writing (October). It will be 
observed that very large venom yields were obtained from some of the snakes, 
the largest being 0-3886 grm. 


TABLE 1. 


Average Venom Yields of Black Tiger Snakes. 


Highest 
Date of Number of Total weight of Average yield individual yield 
milking. snakes milked. venom in grms. in grms. in grms. 
23/2/31 (Primary) 49 3-6031 -0735 -2259 
10/4/31 46 2-9827 -0648 -1691 
30/4/31 44 3-9236 -0892 +3886 
28/5/31 41 4-3219 -1054 -1750 
26/6/31 40 2-0059 -0501 Not observed 
11/8/31 36 2-1562 -0599 : - 
28/8/31 33 1-8926 -0574 


The average yield of venom was nearly double that observed by Fairley and 
Splatt (1929) in 20 specimens of the mainland form, but this difference may 
be accounted for by the much larger size of the Chappell Island snakes. 


3. THE VENOM. 


The venom has been examined to ascertain whether it differs essentially 
from that of the mainland tiger snake. ‘Ve have compared the coagulant powers 
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of the two venoms in vivo and in vitro. By subeutaneous injection in guinea- 
pigs and rats we have compared their potency in so-called ‘‘neurotoxin,’’ and 
using isolated gastrocnemius-sciatic preparations from Hyla aurea we have com- 
pared their peripheral curari-like action. Their haemolytic power has been 
compared, using the red blood cells of the rabbit, guinea-pig, horse, and man. 
Finally we have studied the neutralization of the two venoms by a powerful 
monovalent tiger snake antivenine prepared against the venom of the mainland 
form. 


The Results of the Intravenous Injection of Black Tiger Snake Venom in Rabbits. 


The venom in a concentration of 0-01 mg. per ¢.c. was injected into mar- 
ginal veins in the ears of wild and domestic rabbits, with the results set out in 
Table 2. 


TABLE 2. 
Results of the Intravenous Injection of Black Tiger Snake Venom in Rabbits. 


Number of Average weight Dose of venom 


animals. in kilos. in mgs. per kilo. Result. 
Wild. ; 
2 0-88 0-002 Died in 24 and in 34 minutes. 
3 1-41 0-001 Died in 33, 49, and 5 minutes. 
4 1-45 0-0005 One died in 44 minutes and 3 survived. 


Domestic. 


l 1-16 0-002 Died in 34 minutes. 

4 1-36 0-001 One died in 2} minutes, 2 in 3 minutes, 
and 1 in 4 minutes. 

3 1-32 0-0005 One died in 53 minutes and 2 survived 


after slight early symptoms. 


All the rabbits which died were found to have whipped out fibrin in the 
right heart, and those which received the larger doses had also soft ante-mortem 
clots in the portal vein. In one or two of these there were similar clots also in the 
inferior vena cava. The venom, therefore, like that of the mainland form, con- 
tains a powerful thrombin. The intravenous lethal dose of the Chappell Island 
venom for rabbits is 0-001 mg. per kilo., the venom being about twice as potent 
in respect of its coagulant action in the rabbit as that found by Kellaway (1929) 
for the mainland form, whose venom similarly administered kills regularly in a 
dose of 0-002 mg. per kilo. 


Results of ‘‘in vitro’’ Coagulation Tests. 


The plasmas used were obtained by mixing freshly shed blood from guinea- 
pigs and rabbits with an equal volume of 2% sodium citrate in physiological 
saline. The venom in doses of 1-0 X 10~—! mgs. to 1-0 & 1~1? mgs. of dried 
material dissolved in 0-1 ¢.c. of saline, was placed in a series of specially cleaned 
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tubes, and to each tube 0-2 ¢.c. of citrated plasma was added, the time of coagu- 
lation being noted. The tests were carried out at room temperature 18°-20°C. 

The results of typical experiments are set out in Table 3, in which those 
coagulation times which were sufficiently short to be accurately observed are 
given in minutes. 


TABLE 3. 


Coagulation Times of Citrated Guinea pig and Rabbit Plasmas with 
Tiger Snake Venom. 


Coagulation times in minutes. 


Guinea-pig plasma. . Rabbit plasma. 

Dose of Tiger snake Black tiger Tiger snake Black tiger 
venom in mgs. venom. snake venom. venom, snake venom. 
1-0 x 10—1 1, 134 1, 1, 
1-0 x 10—2 2Y, oY, 2 1, 
1-0 x 10—3 3 3 3% 23% 
1:0 x 10—4 7% 5% 11 8 
1-0 & 10—5 40 28 18 hrs. 41 
1-0 K 10—6 52 (soft and 21, hrs. no clotting 18 hrs. 


incomplete) 


The results of these in vitro experiments agree with those of intravenous 
injection in rabbits in showing that the venom of the Chappell Island tiger snakes 
has a more potent coagulant action than that of the mainland tiger snake. This 
difference between the two venoms is more strikingly displayed in the tests with 
rabbit than in those with guinea-pig plasma. 


The Results of Subcutaneous Injection of Black Tiger Snake Venom in 
Guinea-pigs. 

The results of subcutaneous injection of the Chappell Island venom in 
guinea-pigs and rats shows that its so-called ‘‘ neurotoxic’’ action is less than that 
of the venom of the typical mainland form. 

In Table 4 are set out the results of subcutaneous injection of this venom 
in a concentration of 0-01 mg. per ¢.c. into guinea-pigs of 260-270 grms. weight. 


TABLE 4. 


Results of Subcutaneous Injection of the Venom of the Black Tiger Snake 
in Guinea-pigs. 


Number Average Dose in 
of body weight mgs. per Percentage 
animals. in grms. 100 grms. mortality. Death times. 
29 261 0-006 93% 11 died on the Ist day, 


on the 2nd day, 
on the 3rd day, 
on the 4th day, 
on the 5th day, and 2 survived. 
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Number Average Dose in 
of body weight mgs. per Percentage 
animals, in grms. 100 grms. mortality. Death times. 
21 269 0-005 48% 2 died on the 3rd day, 
3 on the 4th day, 
4 on the Sth day, 
1 on the 6th day, and 11 survived. 
24 276 0-004 58% 2 died on the Ist day, 
2 on the 2nd day, 
7 on the 3rd day, 
1 on the 4th day, 
2 on the 5th day, and 10 survived. 
14 263 0-002 0% All survived without symptoms. 


The symptoms and post-mortem findings did not differ from those which 
followed the injection of the venom of the mainland tiger snake (Kellaway 
(1929)). The lethal dose is, however, greater, 0-06 mg. per kilo. causing a 
mortality of 93% in guinea-pigs of 260 grms. weight, whereas the mortality 
from the injection of 0-02 mg. per kilo. of the venom of the mainland tiger 
snake was 95% in animals of a similar body weight. 


The Results of the Subcutaneous Injection of Black Tiger Snake Venom in Rats. 


The rats used in these experiments were of the same breed as those used in 
testing venom of the mainland tiger snake (Kellaway (1929)), and the venom 
was injected in the same concentration, 0-1 mg. per ¢.c. The results are set 
out in Table 5. 

TABLE 5. 


Results of the Subcutaneous Injection of the Venom of the Black Tiger Snake 


in Rats. 
Number Average Dose in 
of weight mgs. per 
animals. in grms, 100 grms. Result. 
12 72 0-08 1 died in 23 hours, 2 in 34 hours, 2 in 5 hours, 
1 in 53 hours, 1 in 9} hours, 1 in 10 hours, 
3 later on in the Ist day, and 1 on the 2nd day. 
20 131 0-07 1 died in 23 hours, 3 in 3} hours, 1 in 4 hours, 
2 in 4} hours, 2 in 5 hours, 1 in 7} hours, 
2 later on in the Ist day, 1 on the 2nd day, 
1 on the 4th day, and 6 survived after severe 
symptoms. 
20 126 0-06 1 died in 4 hours, 1 in 54 hours, 1 in 6} hours, 
1 later on in the Ist day, 3 on the 4th day, 
2 on the 5th day, 1 on the 6th day, and 10 
survived. 
8 136 0-05 1 died on the 2nd day and 7 survived. 
4 112 0-04 All survived. 


The symptoms and post-mortem findings were identical with those noted 
following injection of the venom of the mainland tiger snake, but, whereas a 
dose of 0-7 mg. per kilo of the black tiger snake venom produced a mortality 
of 70%, and 0-6 mg. per kilo. one of 50%, that of the mainland tiger snake, 
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in a dose of 0-4 mg. per kilo., caused a mortality of 90%, and in a dose of 
0-3 mg. a mortality of 45% (Kellaway (1929)). 
Following subcutaneous injection of these venoms, guinea-pigs and rats 


become paralyzed, and death results from failure of respiration. In respect of 
this toxic action the venom of the Chappell Island snake is clearly inferior to 
that of the mainland form, having only about half the potency of the latter, as 
judged by the results in these two species of laboratory animals. 


Comparison of the Curari-like Action of the Venoms, 

Arthus (1912) has shown that in the rabbit the venom of the tiger snake has 
a facilitating effect upon curari and cobra venom, when either is injected in 
dosage insufficient by itself to cause curarization, and that if care be taken to 
avoid intravascular coagulation by the injection of repeated small doses of tiger 
snake venom, a curari-like effect may be demonstrated by stimulation of the 
phrenic nerve and diaphragm. Houssay and Pave (1922) have more recently 
shown that the venom has a powerful curarizing action in Leptodactylus ocellatus. 
To what extent this action of the venom determines the death of animals injected 
subcutaneously is still uncertain, but we have compared the potency of the two 
venoms in causing a curari-like effect upon the isolated gastrocnemius sciatic 
preparation of Hyla aurea, using the classical in vitro method of Claude Bernard. 

The two frog nerve muscle preparations are put up in a wax-lined petrie 
dish, separated into two compartments by a wax partition, in which two slits 
packed with vaseline permit the transit of the nerves. One muscle and one nerve 
are immersed in physiological saline solution (NaCl 0-65%, KCl 0-014% CaCl, 
0:024%, Na» HPO, 0-0075% ), and the corresponding nerve and muscle in saline 
containing venom. The experiments were carried out at a room temperature, 
16°-18°C. The nerves and muscles were lifted out and stimulated at regular 
intervals by a faradic current. The results of typical experiments are set out in 
Table 6, in which the largest distance separating the secondary from the primary 
coil at which contraction of the envenomed muscle is produced is expressed as 
numerator, the corresponding figure for the muscle in saline being given as the 
denominator. If no contraction was caused, even with the coils in contact, the 
numerator is written as 0. 


TABLE 6. 


Comparison of the Curari-like Effect of the Two Venoms. 


Effect on irritability of muscle. 
Venom. Concentration. By indirect stimulation. By direct stimulation. 
Time. Result. Time, Result. 
Black tiger snake 1:10,000 6 hours 32-343 6 hours 
1: 5,000 { 6 hours 40 minutes %o 6 hours 40 minutes 
) 5 hours %e-: 6 hours 25 minutes 
Mainland tiger snake 1:10,000 7 hours 3Ifo.5 7 hours 
1: 5,000 6 hours 2h. 6 hours 
1: 2,000 {5 hours 16°5 7 hours 
| 74 hours 31, 74 hours 
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Both venoms were found to exert a curari-like action, though this was feeble 
in comparison with that of the venom of the cobra, which exerted a striking action 
in concentrations up to 1 in 200,000. In respect of this activity the black tiger 
snake venom is somewhat more potent, causing an evident effect in a concentra- 
tion of 1 : 5,000, but not in one of 1 : 10,000 

Since there is much individual variation in the resistance of these frog 
nerve muscle preparations, we also compared the action of the venoms on the 
right and left preparations obtained from individual frogs. Two experiments in 
which the venoms were used in a concentration of 1 : 2,000 gave contradictory 
results. With mainland tiger snake venom the muscle could no longer be stimu- 
lated indirectly after 44 and 6} hours, and the corresponding times for black 
tiger snake venom were 5 hours 20 minutes and 5 hours respectively. Three 
experiments in which the venoms were tested in a concentration of 1 : 4,000 gave 
times of 4 hours 35 minutes, 5 hours 20 minutes, and 6 hours for mainland tiger 
snake venom, and corresponding times of 3 hours 52 minutes, 4 hours 6 minutes, 
and 5 hours 55 minutes for black tiger snake venom. In the strong solutions the 
muscles exhibited fibrillary twitchings and very striking and rapid inbibition. 


Comparison of the Huemolytic Power of the Venoms. 

For this purpose we have used the four times washed red blood cells of the 
rabbit, guinea-pig, horse, and man. The volume of the system was 1-3 ¢.c., con- 
sisting of 1-0 ¢.c. of 5% suspension of washed red cells, 0-2 ¢.c. of saline or of 
serum from these various species, and 0-1 ¢.c. of saline containing 1-0 mg., 
0-5 mg., and 0-1 mg. of dry venom. The tubes were observed during four 
hours at 37°C., then removed from the incubator, and finally read after 20 hours 
at room temperature 18°-20°C. 

Neither venom exhibited significant haemolysis of rabbit or human red 
blood cells, either with or without the addition of serum. Against guinea-pig 
cells 1 mg. of tiger snake venom caused complete haemolysis, and 0-5 mg. 
slight haemolysis of washed cells in 4 hours, whereas 0-5 mg. of black tiger 
venom caused complete haemolysis in 4 hours, and 1 mg. a slight haemolysis 
in 4 hours, complete in 20 hours. The addition of horse serum caused com- 
plete and rapid haemolysis, the other sera being without effect. Washed horse 
cells were not haemolyzed by either venom, but the addition of 0-2 ¢.c. of horse 
serum caused complete haemolysis with 1 mg. and 0-1 mg. of both venoms in one 


hour. The venoms therefore show no appreciable difference in haemolytic power 
under these conditions of testing. 


Neutralization by Monovalent Antivenine prepared against the Venom of the 
mainland tiger snake. 
Through the courtesy of Dr. F. G. Morgan, Chief of the Laboratories Division 
of the Commonwealth Department of Health, some very potent monovalent tiger 
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snake antivenine was available, which was used in the experiments set out in 
Table 7. 


TABLE 7. 


Neutralization of Black Tiger Snake Venom by Monovalent Tiger Snake 
Antivenine prepared against the Venom of the Mainland Form. 

Dose of venom in 
mgs. mixed with 
0-5 e.e. of 

antivenine. 


Weight of 
guinea-pig 


in grms. Result. 


Tiger venom, 
317 “24 


907 


ood 
350 21 
342 +20 


24 hours. 
24 hours. 
symptoms. 
symptoms. 


Died in less than 
Died in less than 
Survived without 
Survived without 


o 


Black tiger venom, 


347 
318 
337 


362 


Died in less 
Died in less 
Died on the 
Died on the 


than 24 hours. 
than 24 hours. 
Ist day. 
4th day. 


361 


477 


Survived without symptoms. 
Survived without symptoms. 


Copperhead venom, 


+15 Died in 30 hours. 

-10 Died in 48 hours. 

-09 Died on the 3rd day. 

-07 Died on the 6th day. 

-06 Survived without symptoms. 
05 Survived without symptoms. 


* 
24 
24 
25 

) 

» 


oe SI 
we tots 


The antivenine in a dose of 1 ¢.c. protected against 78 certainly lethal guinea- 
pig doses of the venom of the mainland tiger snake, against 8 certainly lethal 
guinea-pig doses of Chappell Island venom, and against about 5 certainly lethal 
The venom of the black tiger 
snake is intermediate between the venom of typical NV. scutatus and that of D. 


doses of copperhead (Denisonia superba) venom. 
superba, a species closely allied to N. scutatus. 


DISCUSSION. 


Though no morphological differences between these melanotic tiger snakes 
and the mainland typical NV. scutatus sufficient to justify the creation of a new 
species can be detected, comparison of the venoms reveals differences which are 
greater than any previously observed between individuals of one and the same 
species of Australian snakes. 

We may sum up the differences in the venoms as follows: In so-called 
‘*neurotoxic’’ power the venom of the black tiger snake is much less potent than 
that of the mainland form, despite the possession by the former of a slightly more 


potent curari-like action. There is no obvious difference in haemolytic power, 
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and the black tiger snake venom has a rather more potent coagulant action. 
Finally, the specific neutralization of the venoms by monovalent antivenine 
exhibits nearly as striking a difference between the two venoms under censidera- 
tion as that found between the venoms of the tiger snake and the copperhead 
(Denisonia superba). 

Examination of the venom of a melanotie copperhead captured at Mount 
Gambier showed that it differed neither qualitatively nor quantitatively from the 
venom of typical snakes captured there or in Victoria, though we were not able 
to compare its neutralization by monovalent copperhead antivenine. 

The differences observed between the venoms of the melanotie and mainland 
tiger snakes were of the same order as those observed between snakes of the same 
genus but of different species. The differences observed between the venoms of 
Pseudechis guttatus and Pseudechis porphyriacus, for example, (Kellaway 
(1930) ), were no greater than those observed between the two venoms under 
consideration. In both cases they were quantitative rather than qualitative, 
though in comparing venoms from other species in the genus Pseudechis we 
observed qualitative differences also. For example, the venom of P. australis 
is anticoagulant, whereas that of P. porphyriacus and P. guttatus contain a 
thrombin. However, even this difference may be regarded as qualitative, though 
extreme in degree, for very minute amounts of thrombin have an anticoagulant 
action. Comparison of the venom of Denisonia superba with that of D. maculata 
once more reveals only quantitative differences. Individual snakes of some 
species whose venom is not very potent may also reveal quantitative differences, 
and this may be true even of the venoms obtained from a single snake on different 
occasions. Differences of this kind were observed in the venom of Pseudechis 
australis (Kellaway and Thomson (1930)). Differences less in extent were 
observed in tiger snake venom obtained from diseased tiger snakes from Swan 
Hill (Kellaway (1929) ), but the loss of poteney of the venom was very slight, 
and apart from this ease, which was not established by a sufficient number of 
experiments, we have met with no variation in the poteney of mainland tiger 
snake venom from any part of Victoria. It would be of great interest to compare 
the venom of black tiger snakes from different localities, and further investiga- 
tion of individual variation and seasonal variation in venoms is obviously 
necessary. 


We have, however, been impressed by the amazing constancy of the toxicity 
of the pooled venom from most of the common species of Australian snakes at 
different times of the year, and from snakes captured in widely distant localities. 
This is true of the black snake (P. porphyriacus), the copperhead (D. superba), 
and the tiger snake, and in the case of these powerful venoms individual and 
seasonal differences must be insignificant, if indeed they occur at all. 
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CONCLUSIONS. 


The examination of a series of black tiger snakes from Chappell Island 
reveals no significant morphological differences from the typical mainland form, 
but the venom, though qualitatively similar to that of the mainland tiger snake, 
differs from it quantitatively to an extent comparable to the difference observed 
between venoms of different species within the same genus. 
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EXPLANATION OF FIGURES, 


Figures 1, 2, and 3. Normal adult specimen (No. 64), dorsal, ventral, and lateral aspects 
of head. 


Figures 4, 5, and 6. Dorsal, ventral, and lateral aspects of head of specimen with no 
internasals (No. 65). 


Figures 7-15. Series of young of Chappel Island snakes born in captivity, showing 
variations in the shields of the head. 

Figure 7. Suture dividing right internasals and praefrontal incomplete (No, 74). 

Figure 8. Suture lines between internasals and precfrontals incomplete on both sides 
(No. 72). 

Figure 9. Right internasal and praefrontal fused, suture line incomplete on left side 
(No. 69). 

Figure 10. Internasals and pracfrontals completely fused as in adult specimen shown 
in Figure 4 (No. 71). 


Figure 11. Fusion of sixth supralabial and lower posterior temporal shields (No. 70, 
right side). 


Figure 12. Fusion of fifth supralabial and lower anterior temporal shields (No. 71, 
right side). 


Figure 13. Fusion of the two posterior temporal shields (No, 72, left side). 
Figure 14. Incomplete fusion of the anterior temporal shields (No. 72, right). 


Figure 15. Enlarged upper posterior temporal shield by fusion with large scales on 
nape (No. 73, right). 


Figure 16. Adult snake possessing five supralabials only on both sides of head (from 
living reptile). 
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THE ABSORPTION OF ULTRA-VIOLET LIGHT BY 
IMINAZOLE AND SOME OF ITS DERIVATIVES 


by 
CEDRIC STANTON HICKS AND HENRY FRANCIS HOLDEN 


(From the Department of Human Physiology and Pharmacology, the University 
of Adelaide, and the Walter and Eliza Hall Institute, Melbourne). 


(Submitted for publication 21st January, 1932.) 


The selective absorption of ultra-violet light in the region of 2,600 A.U- 
2,700A.U by many proteins and their derivatives appears to be associated 
almost entirely with the presence therein of amino-acids whose constitution 
includes a ring structure. Alipathie amino-acids have little absorptive power 
for radiation of these wave-lengths, and their spectra have no bands. This 
paper arose from an attempt to estimate the part played by the iminazole ring 
in histidine in the absorption spectra of such proteins as haemoglobin, of which 
it forms some 10%. 

Ellinger (1929) compared the absorption spectra of histidine and hista- 
mine. In that of the former he found by the use of concentrated solutions a 
small band which was absent from the spectrum of the latter. From this he 
drew certain conclusions on the relative structure of these substances. Bour- 
dillon, Gaddum, and Jenkins (1930) did not confirm the existence of this band, 
which they attributed to the presence of an impurity in the histidine used by 
Ellinger. Ruppol (1926) made some measurements with results similar to those 
recorded for histidine in this paper. 

For the work of this paper the following substances were used. The hista- 
mine phosphate was a commercial sample specially prepared for physiological 
research. Histidine was prepared from ox blood, and erystallized once as the 
hydrochloride, twice as di-nitro-naphtholsulphonate, and twice as the free base. 
Judged by colour tests it appeared free from any aromatic amino-acid. It con- 
tained theoretical amounts of total and of amino-nitrogen. We are indebted 
to Miss M. Freeman for these determinations. The 4 methyl iminazole was 
prepared by the interaction of glucose, ammonia, and zine hydroxide. It was 
used as the oxalate. The iminazole di-carboxylic acid was synthetized by the 
method of Fargher and Pyman (1919), and the iminazole prepared from this 
by distillation, following their description. 

The measurement of the absorption coefficients was carried out as for the 
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derivatives of haemoglobin by Hicks and Holden (1929). On this occasion, 
however, the adjustable cell described by Hicks (1931) was used instead of the 
usual fixed cell. 


DISCUSSION. 


The absorption curve of histidine shows that if the aecepted formula re- 
presents the constitution of this amino-acid as it occurs in combination in 
proteins little of the absorption in the region of the band associated with these 
compounds can be attributed to it. The other related compounds exhibit very 
similar curves, with the exception of iminazole 4, 5, di-carboxylie acid. The 
eurve for this acid has an intense band, with maximum absorption at about 
2.510 A.U. Any attempt to relate this curve with those of the other derivatives 
must be tentative, but it may be suggested that the other compounds may 
exhibit selective absorption in the region of shorter wave-lengths which the 
apparatus cannot detect. V. Henri (Etudes de Photochimie, 1919) states that 
the two carboxyl groups attached to the nucleus would increase the intensity 
and diminish the frequency of the absorption band. The matter is the subject 
of further investigation. 

The experimental results are set out in the tables below, in which y is the 
frequency per second, and ¢« the molecule absorption coefficient calculated from 
the equation: 

1 


I 
«==: log —2 Xx —— 
ae 


Io and I being the intensity of the incident and transmitted light, e¢ the eon- 
centration of the solution in gramme molecules per litre, and d the depth of 
the liquid in centimetres. 


The results are also shown in the accompanying graph, in which the ordin- 
ates are molecular absorption coefficients and the value of the abscissa is 
expressed in Angstrom units above and frequencies below. The numbers on 
the graph correspond with those of the tables. 


TABLE l. 
Iminazole 4,5, Dicarboxylic Acid. 


10" € y10-" € 2 € 
949 10 1,087 1,400 9,500 
1,014 80 1,091 2,400 9,000 
1,034 100 1,099 3,800 8,000 
1,062 200 1,101 4,600 5,400 
1,071 300 1,103 5,400 4,600 
1,075 400 1,136 8,000 3,800 
1,077 500 1,154 9,000 2.400 
1,081 700 1,175 9,500 
1,085 1,000 1,195 9,750 


Head of band 
AA.U. = 2,510 +10—* = 1,195 
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TABLE 2. 

Histidine. 
7y10—-* € 
1,254 43-0 
1,263 60-0 
1,271 76-0 
1,278 100-6 
1,279 120-0 


TABLE 3. 
Methyl Iminazole. 
710—-* € € 
1,285 500 3 2,000 


1,290 700 3,000 
1,299 1,000 


TABLE 4. 
Iminazole. 


710 € 


400 
800 
1,200 
1,800 


TABLE 5. 


Histamine. B Iminazolyl Ethylamine). 


mn 


710—-* € 710-" 
1.282 50 1,357 
1,293 125 1,370 
1,304 250 1,380 
1,316 500 
1,325 750 


“I cits bo 


wtoe 
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GIARDIA IN SHEEP IN VICTORIA, AUSTRALIA 
by 
A. W. TURNER AND D. MURNANE 


(Veterinary Research Officers, Council for Scientific and Industrial Research, 
from the Veterinary Research Institute, University of Melbourne. ) 


(Submitted for publication 9th February, 1932.) 


First seen in man by Leeuwenhoek in 1681, this genus of intestinal flagel- 
lates has since been shown to occur in a variety of vertebrate hosts, including 
mammals (monkey, horse, ox, sheep, goat, lion, dog, cat, wild cat, meercat, rabbit, 
guinea-pig, rat, mouse, field vole, viscacha, and certain other rodents), reptiles 
(Varanus niloticus), amphibians (the tadpoles of certain frogs), birds (herons, 
shrike, avocet, buzzard, etc.), and fish (silver fish, trout). Finally, it has been 
observed in large numbers in the gut of intestinal nematodes (Vianella sp.) 
found in viscachas that were themselves parasitized by Giardia. 

However, it has not been reported in sheep since Grassi (1882) recorded it 
in 1881 in Italy under the name Megastoma entericum. Douwes (1920), during 
a search for intestinal protozoa, failed to find it in sheep in Holland. 

While it is generally considered that the species are strongly host-specific, 
it is usually very difficult to distinguish them morphologically, though attempts 
to do so have been made by Simon (1922) and Hegner (1922). 

Opinion as to the pathogenic importance of the genus Giardia is divided, but 
in human beings enormous numbers of the flagellated forms mostly affixed to the 
epithelial cells in the small intestine, or of the encysted forms in the faeces, have 
on many occasions been found coincident with a severe mucous diarrhoea. They 
are also said to cause a diarrhoea in mice. Whether under certain conditions 
they may become pathogenic in domestic animals is not known with certainty. 

In the case to be described a heavy infestation with Giardia sp. was found 
co-existent with the presence of enormous numbers of large Gram-positive organ- 
isms in the small intestine of a sheep that died under peculiar circumstances. 

The subject of the present note, a four-tooth crossbred merino wether that 
had been gradually losing weight for several months, died after a short illness of 
two days, characterized by dullness, weakness, loss of appetite, and marked pale- 
ness of the visible mucous membranes. Only an incomplete post-mortem examin- 
ation could be made, but it was carried out immediately the animal died. The 
principal findings were a general bloodlessness of the body, the blood present 
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being watery, and the total quantity distinctly less than normal, while the lungs 
were extremely pale. The urine was normal in appearance, and naked eye 
examination gave no indication of the presence of blood pigments. The abomasum 
contained a large amount of fluid contents; the small intestines about 3950 c.c. 
A direct count of the bacillus referred to, made with the fresh, mixed small 
intestine contents in a counting chamber, gave 150 millions to the cubic centi- 
metre. During this count large numbers of flagellate that was later found to 
be Giardia, were noticed swimming about vigorously. While unfortunately no 
count was made at the time, it was later estimated that there were at least one 
million free flagellates to the cubie centimetre. Since probably still larger num- 
bers were attached to the intestinal cells, as is their habit, and not free, some 
idea of the degree of infestation may be gathered. 

No suggestion as to the pathological significance of these flagellates is made 
for the present, but, since the sheep species seems to have been little studied, if 
at all, since 1881, the opportunity has been taken to present a redescription of it. 

Wet smears of the intestinal contents were immediately fixed in Schaudinn’s 
solution, and subsequently stained in Heidenhain’s iron-haematoxylin. Unfor- 
tunately, faeces were not examined for cysts. 


Description. 


Small, bilaterally symmetrical protozoa, pear-shaped from the front, some- 
what spoon-shaped on profile. The ventral, flat surface is provided with a large 
oval, posteriorly indented depression or peristome, that acts as a sucker for 
attaching the parasite to epithelial cells. Close together beneath the peristome, 
on opposite sides of the axostyle, and connected by a rhizoplast, are two large 
vesiculated nuclei, each provided with a definite nuclear membrane and a large 
caryosome. 

There are eight flagella. One arises from the posterior end of each of the 
axostyles, which are two parallel axonemes running from two anterior medial 
blepharoplasts between the nuclei to the posterior extremity. At the junction 
between these posterior or caudal flagella and the axostyles is often a granule. 
A lateral crossed pair arise from anterior lateral blepharoplasts, crossing each 
other, and run along the anterior edge of the peristome, leaving it laterally. 
According to Rodemvalt the axonemes of the lateral uncrossed flagella arise from 
the same blepharoplasts that give rise to the lateral crossed flagella, though 
Wenyon considers that they have separate blepharoplasts a little posterior to 
those, but on account of the difficulty of staining this area clearly we have not 
been able to decide the point. These flagella pass back along the edge of the notch, 
leaving it posteriorly. A pair of central, thicker, parallel flagella arise from 
central blepharoplasts on or near the anterior part of the axostyles, near the 
notch of the peristome. 

Posterior to the peristome is commonly found a darkly staining, more or less 
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cylindrical body, of variable size, known as the parabasal body, which may be 
double ; in some cases it may even be absent. 


Dimensions. 


The sheep variety described by us varied in length from 11-5 » to 17 p, and 
in breadth from 7-5 p» to 11 p, the average length being 14-1 » and the breadth 
8-9 »p. The ratio breadth/length ranged from 0-47 to 0-82, the average being 
0-63, 

















Fig. 1. 


Four examples of Giardia sp. from the duodenum of a sheep. Wet smear fixed with 
Schaudinn, stained with Heidenhain’s iron-haematoxylin. Drawn with camera lucida (semi 
diagrammatic). 
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Comparison with Other Species. 


Maximum. Minimum. Average. 
Species. Host Length. Breadth. B/L Length. Breadth. B/L Length. Breadth. B/L 
Kt Py rn 
. intestinalis man 20-2 2 5 9-2! 5. i 3-7 7-46 
f rat 12. 
1 mouse 
+. microti meadow mouse 13-7 10-5 
+. viscaciae viscacha 18- 12- 
+, duodenalis rabbit 18- 11- 
r. canis dog 17- 10-2 
r. catt eat 17: 8- 


7-26 


-58 


. muris 


1.) 


r. caprae goat 17- 9- 
', agilis frog 28 -¢ 5- 
. varani Nile monitor 21- 1l- 


Pw 


Particulars taken from Wenyon, 1926, 


Comparing these measurements, one sees that the form described by 
resembles the other species from mammals, but is smaller than the human form, 
with which Grassi apparently regarded it as identical. It is about the same 
length, but is not so broad as the G. caprae described by Nieschultz (1923) in the 
goat, and most closely approximates the @. canis of the dog. 
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